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GEORGE    WESTINGHOUSE   TELLS  OF 
THE  INVENTION     AND  DEVELOP- 
MENT OF    THE  AIR  BRAKE 

Perhaps  the  most  notable  event  of  the  an- 
nual meeting  (Dec.,  1910)  of  the  American 
Society  of  Mechanical  Engineers,  was  the  ad- 
dress b}^  the  President  of  the  Society,  Mr. 
George  Westinghouse,  giving  his  account  of 
the  invention  of  the  air  brake.  We  present 
here  an  abstract  of  the  essential  portions  of 
this  address. 

Mr.  Westinghouse  was  first  led  to  apply  his 
mind  to  the  devising  of  means  for  the  braking 
and  control  of  trains  in  1866,  by  a  collision 
on  the  road  between  Schenectady  and  Troy 
which  resulted  in  his  detention  for  a  couple 
of  hours.  He  first  tried  familiar  and  obvious 
devices  which  already  in  some  form  had  been 
tried  by  others  and  he  concluded  that  he 
would  have  to  seek  success  in  other  directions. 

He  goes  on  to  say:  Shortly  after  I  had 
reached  this  conclusion,  I  was  induced  by  a 
couple  of  young  women  who  came  into  m}'- 
father's  works  to  subscribe  for  a  monthly  pa- 
per, .and  in  a  very  early  number,  probably 
the  first  one  I  received,  there  was  an  account 
of  the  tunneling  of  Mount  Cenis  by  machinery 
driven  by  compressed  air  conveyed  through 
3,000  feet  of  pipes.  This  account  of  the  use 
of  compressed  air  instantly  indicated  that  brake 
apparatus  of  the  kind  contemplated  for  oper- 
ation by  steam  could  be  operated  by  means  of 
compressed  air  upon  any  length  of  train,  and 
I  thereupon  began  actively  to  develop  draw- 
ings of  apparatus  suitable  for  the  purpose  and 
in  1867  promptly  filed  a  caveat  to  protect  the 
invention. 

At  that  time  no  compressed  air  of  import- 
ance  had   within   my   knowledge   been   put   in 


operation.  The  apparatus  was  laboriously 
constructed  in  a  machine  shop  in  Pittsburgh, 
and  completed  in  the  Summer  or  early  Au- 
tumn of  1868.  This  apparatus  consisted  of  an 
air  pump,  a  main  reservoir  into  which  air  was 
to  be  compressed  for  the  locomotive  equip- 
ment, and  four  or  five  cylinders  to  be  put  un- 
der the  cars,  with  the  necessary  piping,  .all  so 
arranged  that  their  operation  as  upon  a  train 
could  be  observed.  Railway  officials  were 
then  invited  to  inspect  the  apparatus  and  wit- 
ness its  operation,  and  the  Superintendent  of 
the  Panhandle  Railroad,  Mr.  W.  W.  Card, 
offered  to  put  the  Steubenville  accommodation 
train,  a  locomotive- and  four  cars,  at  my  dis- 
posal. Upon  its  first  run  after  the  apparatus 
was  attached  to  the  train,  the  engineer,  Dan- 
iel Tate,  on  emerging  from  the  tunnel  near  the 
Union  Station  in  Pittsburgh,  saw  a  horse  and 
wagon  standing  upon  the  track.  The  instan- 
taneous application  of  the  air  brakes  pre- 
vented what  might  have  been  a  serious  acci- 
dent, and  the  value  of  this  invention  w.as  thus 
quickly  proven  and  the  air  brake  started  up- 
on a  most  useful  and  successful  career. 

In  the  development  and  introduction  of  the 
air  brake,  I  was  controlled  by  the  apparent 
fact  that  the  apparatus  would  have  to  be  uni- 
form upon  all  cars  to  provide  for  the  conven- 
nient  change  of  the  composition  of  trains.  It 
also  was  most  obvious,  in  view  of  the  crying 
demand  for  some  better  means  for  stopping 
trains,  that  some  power  brake  would  inevitably 
be  universally  applied  to  all  of  the  cars  and 
engines  upon  all  railways.  These  ideas  natur- 
ally involved  a  further  one,  namely,  the  im- 
portance of  having  all  of  the  brake  apparatus 
made  by  one  company,  so  as  to  insure  ab- 
solute uniformity  and  consequent  interchange- 
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abilit\.  and  this  Kd  to  llic  formatiun  of  the 
WestiiiKliDiisc  Air  I'.iakr  dmipaiiv  rarly  in 
i8(k). 

Vhc  i-ssciuial  parts  «>l  the  air  brake  as  first 
apphcd   wore  : 

An  air-pump  thiviii  by  a  stcain  engine  re- 
ceiving its  supply  I'roni  the  boiler  of  the  loco- 
motive ; 

A  main  reservoir  on  the  locomotive  into 
which  air  was  compressed  to  about  (o  or  70 
lbs.   pressure   per   S(|uarc   inch  ; 

A  pipe  leading  from  the  reservoir  to  a  valve 
mechanism    convenient    to   the    engineer; 

Brake  cylinders  for  the  tender  and  each  car ; 

A  line  of  pipe  leading  from  the  brake  valve 
under  the  tender  and  all  of  the  cars,  with  a 
pipe  connection  to  each  brake  cylinder ; 

Flexible  hose  connections  between  the  cars 
provided  with  couplings  having  valves  which 
were  automatically  opened  when  the  two  parts 
of  the  couplings  were  joined  and  automatically 
closed   when    the    couplings    were    separated. 

The  piston  of  each  cylinder  was  attached  to 
the  ordinary  hand-brake  lever  in  such  a  man- 
ner that  when  the  piston  was  thrust  outward 
by  the  admission  of  compressed  air.  the  brakes 
were  applied.  When  the  engineer  had  occa- 
sion to  stop  his  train,  he  admitted  the  air  from 
the  reservoir  on  the  locomotive  into  the  brake 
cylinders  through  the  train  pipe.  The  pis- 
tons of  all  cylinders  were,  it  was  then  sup- 
posed, simultaneously  moved  to  set  all  of  the 
brakes  with  a  force  depending  upon  the  amount 
of  air  admitted. 

To  release  the  brakes,  the  handle  of  the 
brake  valve  was  moved  so  as  to  cut  off  com- 
munication with  the  reservoir  and  then  to 
open  a  passage  from  the  brake  pipe  to  the  at- 
mosphere, permitting  the  air  which  had  been 
admitted  to  the  pipes  and  cylinders  to  escape. 
The  success  of  the  apparatus  upon  the  first 
train  was  followed  by  an  application  of  an 
equipment  to  a  train  of  six  cars  on  the  Penn- 
sylvania Railroad.  The  train  was  run  to  Al- 
toona  and  the  air  brakes  were  used  exclusively 
for  controlling  the  speed  of  the  train  on  the 
eastern  slope  of  the  Alleghenies,  and  special 
stops  were  made  at  the  steepest  portions  of 
the  line  in  such  an  incredibly  short  distance 
(as  we  all  thought  then)  as  to  firmly  establish 
in  the  minds  of  all  present  the  fact  that  trains 
could  be  efficiently  and  successfully  controlled 
by  means  of  brakes  operated  by  compressed 
air. 


Mr.  W  estinghouse  lluii  i  nnnuratis  a  num- 
ber of  demonstrations  of  tlu-  brake  upon  dif- 
ti-rent  roads,  fctjlowi-d  at  once  by  a  great  rush 
(»f   orders    for   e(|uipment. 

I  ret'i-r  to  these  details,  he  says,  to  illustrate 
the  readiness  with  which  railway  officials  took 
up  this  invention  and  the  comparative  ease 
with  which  the  recjuired  orders  were  secured, 
and  because  it  has  been  often  stat(.(l  that  the 
trials  and  tribulations  in  the  introduction  of 
the  brake  were  of  the  severest  nature. 

It  soon  developed  that  it  took  considerable 
time  to  apply  the  brakes  with  full  force  and  a 
longer  time  to  release  them,  and  that  m  the 
event  of  a  break-in-two  of  a  train  (a  frequent 
occurrence  in  those  days)  the  rear  section 
would  be  uncontrolled,  and  when  this  occurred 
upon  an  ascending  gradient,  the  rear  detached 
section  might  run  away  with  disastrous  re- 
sults. To  overcome  this  difficulty  a  new  de- 
velopment was  necessary,  the  outcome  of 
which  was  what  has  since  been  known  as  the 
automatic   air  brake. 

In  the  automatic  air  brake  equipment  there 
were  the  same  air-pump,  reservoir,  train  pipe 
and  brake  cylinder,  but  in  addition  to  these 
there  were  two  important  features  added  to 
the  tender  and  each  car  equipment;  the.  first, 
an  auxiliary  reservoir,  and  the  second,  a  tri- 
ple valve  or  device  interposed  between  the 
brake  pipe,  brake  cylinder  and  auxiliary  res- 
ervoir. This  triple  valve  was  so  constructed 
that  when  air  was  admitted  to  the  train  pipe, 
an  opening  was  established  between  the  train 
pipe  and  the  auxiliary  reservoir  whereby  the 
train  pipe  and  reservoir  were  filled  with  air 
under  pressure.  The  valve  also  opened  a 
passage  from  the  brake  cylinder  to  the  atmos- 
phere. This  was  the  normal  condition  of  the 
apparatus  when  the  brakes  were  off.  To  ap- 
ply the  brakes,  the  engineer  discharged  a  por- 
tion of  the  air  from  the  train  pipe,  whereupon 
the  triple  valve  closed  the  connection  between 
the  brake  pipe  and  the  reservoir  and  between 
the  brake  cylinder  and  the  atmosphere  and 
then  opened  a  passage  from  the  auxiliary 
reservoir  to  the  brake  cylinder,  the  piston  of 
w^hich  was  moved  outwardly  by  the  air  from 
the  auxiliary  reservoir  so  as  to  apply  the 
brakes.  The  restoration  of  the  pressure  with- 
in the  brake  pipe  released  the  brakes  and  re- 
charged the  reservoir.  The  development  oc- 
curred during  1872  and  1873. 

The  automatic  brake  was  at  that  time  sup- 
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posed  to  be  instantaneous  in  its  action  in  ap- 
plying the  brakes,  and  almost  instantaneous  in 
releasing  them.  In  the  event  of  the  escape  of 
air  from  the  train  pipe  by  its  rupture  or  by 
the  separation  of  the  train,  the  air  stored  in 
the  auxiliary  reservoirs  instantly  and  auto- 
matically applied  the  brakes  to  all  parts  of  the 
train  and  they  could  only  be  released  by  either 
repairing  the  damage  and  restoring  the  pres- 
sure, or  by  meaiTS  of  special  release  valves 
operated  by  the  train  men. 

The  automatic  brake  having  proved  itself 
vastly  superior  to  the  plain  or  straight  air 
brake  first  described,  it  soon  became  a  stand- 
ard, but  during  the  transition  period  an  au- 
tomatic brake  was  easily  converted  into  a 
plain  brake  by  a  manually  operated  special 
valve  arranged  in  the  casing  of  the  triple 
valve. 

As  a  part  of  the  automatic  air  brake  pas- 
senger equipment,  I  had  developed  in  the  '70s 
a  system  of  train  signalling  involving  the  use 
of  a  second  train  pipe,  which  is  now  in  general 
use  upon  all  of  the  railways.  This  signalling 
apparatus  had  a  sensitive  valve  device  con- 
nected to  a  small  reservoir  upon  the  locomo- 
tive and  these  were  so  arranged  that  when 
compressed  air  was  admitted  through  a  small 
opening  into  the  signalling  pipe,  both  the  pipe 
and  reservoir  were  charged  to  a  low  pressure 
^^at  the  present  time  at  45  lbs.).  By  opening  a 
valve  at  any  point  in  the  train  to  permit  a 
small  quantity  of  air  to  escape  from  the  sig- 
nal pipe,  the  delicate  valve  referred  to  was 
caused  to  move  so  as  to  admit  air  from  its 
auxiliary  reservoir  to  blow  .a  whistle  located 
in  the  cab  of  the  locomotive.  It  was  found 
upon  experimentation  that  when  the  valve  in 
any  car  remote  from  the  engine  was  quickly 
opened  and  closed  as  many  as  five  times,  the 
whistle  would  be  blown  an  equal  number  of 
times,  the  first  time  being  after  the  last  escape 
of  air ;  that  is  to  say,  there  were  set  in  motion 
five  distinct  waves  of  air  each  capable  of  doing 
work. 

During  these  developments  it  was  found  that 
the  waves  of  air  within  the  brake  pipe  trav- 
elled as  rapidly  as  sound,  i.  e.,  about  iioo  feet 
a  second. 

Being  fully  impressed  with  the  idea  that  if 
the  wave  of  air  which  was  utilized  for  sig- 
nalling could  be  made  to  operate  the  triple 
valves  upon  the  cars,  there  would  then  be  an 
almost  instantaneous  application  of  the  brakes 


upon  the  front,  rear  and  other  portions  of  the 
train,  this  idea,  with  hard  work  and  a  large 
num1)cr  of  experiments,  shortly  produped  what 
is  now  knov/n  as  the  quick-action  automatic 
brake. 

No  sooner  had  the  quick  action  automatic 
brake  been  developed  to  operate  successfully 
on  trains  of  fifty  cars  than  new  conditions 
were  presented.  Steel  freight  cars  carrying 
enormous  loads  had  in  the  meantime  been  de- 
veloped and  freight  locomotives  had  been  in- 
creased in  capacity,  so  that  trains  were  often 
composed  of  seventy  to  eighty  cars,  and  more 
recently  some  trains  have  had  as  high  as  one 
hundred  cars.  This  possibility  had,  however, 
been  foreseen  and  experiments  were  constant- 
ly being  carried  on  to  so  improve  the  appar- 
atus, that  it  could  be  used  to  control  trains 
of  any  practical  length,  and  these  experiments 
also  had  in  view  the  more  nearly  instantaneous 
action  of  the  brakes  for  ordinary  service  pur- 
poses than  was  possible  with  the  automatic 
brake  or  with  the  quick  action  brake.  The  re- 
sult was  a  most  important  development. 

The  present  improved  triple  valve  has  the 
emergency  feature,  but  it  also  has  what  is 
known  as  the  quick-service  application  feature, 
that  is,  for  ordinary  purposes  the  air  is  ad- 
mitted to  all  of  the  brake  cylinders  so  quickly 
that  the  longest  freight  train  can  be  handled 
with  almost  the  precision  obtainable  in  the 
control  of  passenger  trains  of  from  six  to 
twelve  cars. 

In  the  matter  of  the  development  of  the 
brakes  for  operation  upon  passenger  trains, 
nothing  that  skill  and  perseverance  could  sug- 
gest has  been  omitted  in  securing  the  highest 
degree  of  perfection.  The  requirements  during 
the  past  few  years,  by  reason  of  the  greater 
weight  of  cars  and  locomotives  and  of  the 
higher  speeds  at  which  they  are  run,  have 
necessitated  the  redesigning  of  all  of  the  pas- 
senger train  brake  apparatus,  including  the 
method  of  attaching  the  brake  shoes  to  the 
cars  and  the  levers  and  connections  for  bring- 
ing these  shoes  to  bear  with  the  required  pres- 
sure upon  the  wheels.  For  the  purpose  of  in- 
suring the  highest  efficiency,  every  wheel  of 
a  passenger  train,  including  those  under  the 
locomotive,  is  now  acted  upon,  w^hereas  form- 
erly many  of  the  master  mechanics  and  engi- 
neers were  apprehensive  that  it  would  not  be 
possible  to  make  use  of  all  of  the  wheels  of  a 
locomotive    for    braking    purposes. 
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hurinn  tlk-  past  twi-lvc  tUiintlis.  most  elab- 
orate tests  of  the  latest  I'onn  oi'  apparatus  for 
pi^seiij^er  service  have  hei'U  carried  out  ntuler 
the  (lireclit>ii  of  oHiciils  of  M'xiial  rail\va\s 
and  i^\  ihe  W  estitighouse  Air  I'.rake  C'oin- 
pii;\,  ill  nvder  to  prow  the  oj)erali\  t.  liess  ot 
tlie  new  constructions  and  their  capahility  to 
insure   the   hi.uhest    tlegrec  of  efficiency. 

1  have  spoken  of  four  chief  develoi>nients. 
It  has  been  necessary,  in  order  to  avoivl  disas 
tr«>us  conse(|uences.  that  each  developiuenl 
shouhl  he  of  such  a  kind  that  cars  titled  with 
newer  apparatus  could  operate  with  little  in- 
convenience with  cars  titled  with  earlier  ap- 
paratus. As  it  stands  to-daw  scarcely  any  of 
the  old  type  of  lirake  and  the  first  tyi)e  of  au- 
tomatic hrake  are  in  use.  hut  should  a  car 
fitted  wiih  the  fu'st  form  of  auti  malic  l)rake 
be  found  and  put  into  a  train  with  the  more 
movlern  apparatus,  such  older  apparatus  would 
be  found  lo  oper:Ue  fairly  well  with  the  more 
perfect  form.  The  prevailing  idea  in  the  de- 
velopment and  introduction  of  the  hrake  has 
therefore  been  an  adherence  to  such  uniform- 
ity of  apparatus  that  the  interchange  of  traf- 
fic over  various  roads  could  go  on  uninter- 
ruptedly. 

There  is  probably  no  apparatus  in  use  to- 
day which  received  such  thoughtful  considera- 
tion and  has  been  the  object  of  such  care  in 
every  one  of  its  details  as  v^diat  is  now  pop- 
ularly known  as  the  air  brake,  and  which  is 
in  universal  use  in  the  United  States  and  in 
many  other   countries   of  the  world. 

In  my  estimation,  there  could  be  no  better 
illustration  of  the  value  of  the  maintenance  of 
standards  than  has  been  given  by  the  manu- 
facture and  introduction  of  air  brakes  upon 
railways,  for  without  such  standards,  train 
brakes  would  not  ha\e  come  into  general  use, 
with  consequences  which  railway  officials  and 
the  public   can   well   appreciate. 

IMy  story  would  be  incomplete  without  a 
reference  to  the  splendid  assistance  which  the 
railways  of  this  and  many  other  countries 
have  rendered.  They  have  been  lavish  in 
providing  those  facilities  for  making  the  thou- 
sands of  tests  which  were  necessary  to  pro- 
gress in  the  developments  I  have  recited ;  to 
the  Pennsylvania  Railroad  especially,  upon 
which  the  most  important  experiments  were 
first  made,  the  other  railways  of  the  country, 
as  well  as  the  traveling  public,  owe  a  debt  of 
gratitude.     When  a  railway  (as  did  the  South- 


ern Pacific  two  years  ago)  provides  a  new 
tr.iin  of  one  hundred  steel  cars  to  be  fitted 
with  the  lU'Wi-r  form  of  automatic  brake,  in 
nrder  In  carry  on,  with  a  staff  of  skilled  men 
iMidir  ihe  diri'ction  of  the  chief  nflicers  of  the 
company.  ;i  series  of  e.\puimci:ts  upon  its 
heaviest  gr.adienls,  re(|uirirg  several  weeks, 
for  the  puri)ose  of  securing  greater  safety  and 
an  increased  carrying  capacity  per  train,  with 
the  conseciuent  lessening  of  the  cost  of  trans- 
portation, it  is  just  that  the  managers  of  such 
a  corporation  should  receive  credit  for  their 
farsighted  policy.  To  name  the  railways  and 
to  nurel.N'  state  chronologicall\  the  tests  oi 
brakes  which  ha\e  been  made  during  forty 
years  would  refpiire  -^cNeral   volumes. 


TRANSPORTING  LIVING  ANIMALS  IN 

WATER   JARS  CHARGED  WITH 

OXYGEN 

Bv     Dr.     R.wmoxi)    C.     Osborn,     Assistant 

DiRFXTOR    OF    THE     NeW     YoRK     AqUARIUM. 

A  very  interesting  experiment  in  the  trans- 
portation of  aquarium  specimens  has  recently 
been  made  by  Mr.  Emil  Gundelach,  of  Gehl- 
berg.  Germany,  with  the  assistance  of  the  New 
York  Aquarium.  Arrangements  were  made 
through  the  forwarding  house  of  Oelrichs  & 
Co.,  of  New  York,  for  the  shipment  of  liv- 
ing specimens  from  the  Aquarium  to  Mr. 
Gundelach's  home  in  Germany. 

Sixteen  3-liter  glass  jars  were  filled  with 
water  and  the  specimens  introduced.  The 
jars  were  then  inverted  under  water,  as  in 
a  pneumatic  trough,  and  oxygen  gas  was  intro- 
duced to  replace  the  water  until  the  jars  were 
about  one-third  full  of  the  oxygen.  The  jars 
were  then  tightly  corked  and  covered  with 
parchment  to  prevent  an  escape  of  the  gas. 
They  were  packed  in  crates  and  shipped  at 
once  on  the  North  German  Lloyd  steamer, 
Kaiser  Wilhehn  der  Grossc,  on  the  morning 
of  September    13. 

The  list  of  specimens  for  this  experiment 
was  as  follows : 

Common  sunfish  (Eupomotis  gibbosus)  in 
fresh  water. 

Variegated  minnow  (Cyprinodon  variega- 
tus). 

Cunner    {Taiitogolabrus  adspersus). 

Beaui  Gregory  (Eupomacentrus  leiicostic- 
tus) . 
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Star  corals    (Astrangia  danae). 

Sea   anemones    (species  undetermined). 

Tunicates    (Molgula  manhattensis) . 

Common   shrimps    (Crangon   vulgaris). 

Horseshoe  crabs  (Limuliis  polyphenms),  a 
couple  of  dozen  of  young,  just  hatched,  and 
one  so  large  that  it  could  not  straighten  out 
in  the  jar. 

Fiddler  crabs  (Uca  pugnax),  several  speci- 
mens in  wet  sand,  with  an  atmosphere  of 
oxygen. 

An  extract  from  Mr.  Gundelach's  letter  of 
September  26,  acknowledging  the  receipt  of 
the  specimens,  shows  what  success  was  met 
with :  "The  collection  arrived  at  Gehlberg  on 
the  evening  of  September  22.  Notwithstand- 
ing the  length  of  time  (over  nine  days)  the 
specimens  reached  my  home  in  safety.  The  Beau 
Gregory  and  the  Gunner  got  chilled  because 
the  temperature  was  too  low,  and  both  of 
these  fishes  died  the  next  day,  but  all  the 
other  specimens  lived  and  are  in  the  best  of 
condition.  It  is  very  important  that  the  ex- 
periment has  succeeded,  and  you  can  now  ex- 
change any  specimens  with  any  European  in- 
stitutions in  this  way." 


In  order  to  know  what  losses,  if  any,  might 
be  laid  to  temperature  Mr.  Albers,  second 
officer  of  the  ship,  kindly  consented  to  make 
daily  records  of  the  temperature  of  the  room 
in  which  the  crates  were  placed  through  the 
voyage.  His  report  indicates  a  gradual  de- 
crease from  73  degrees  to  66  degrees  Fahren- 
heit, and  Mr.  Gundelach  informs  me  in  his 
letter  that  it  was  as  low  as  63  degrees  in  Ger- 
many at  the  time  the  specimens  arrived  there. 
The  Beau  Gregory,  being  a  tropical  fish,  evi- 
dently did  succumb  to  the  cold,  but  the  Gun- 
ner is  a  northern  form  and  the  same  ex- 
planation will  not  apply.  The  specimen  was 
probably  too  large  for  the  jar  and  the  supply 
of  oxygen.  It  was  the  largest  fish  sent  and 
was  selected  to  test  the  size  Hmit.  It  did  not, 
however,  suffocate  during  shipment,  but  it 
was  probably  weakened  by  confinement  for  so 
long  a  time  in  its  very  narrow  quarters,  and 
possibly  the  oxygen  supply  ran  a  little  short. 
The  journey  was  made  entirely  without  food. 

Mr.  Gundelach  had  previously  made  suc- 
cessful experiments  in  shipping  for  the  shorter 
distances  in  Europe,  but  nothing  paralleling 
the  present  experiment  has  thus   far  been  un- 
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dcrtakiii.  TIic  particular  advantage  in  this 
metluHl  is  tliat  specimens  can  bo  sent  appar- 
ently any  distance  without  any  care  what- 
ever during  transit,  thus  doing  away  entirely 
with  the  expense  of  an  attendant  or  any 
special  machinery  for  aerating  the  water — 
North  German  Lloyd  Bulletin. 


AIR  OF  THE  NEW  YORK   SUBWAY 

HV     1>U.    CF.O.     A.     SUPER. 

When  the  Xew  York  subway  was  first 
opened  there  was  a  good  deal  of  complaint  as 
to  the  condition  of  the  air.  The  subway  grew 
hot  and  there  were  unpleasant  odors.  Some 
more  or  less  scientific  people  made  a  few 
quick-and-easy  determinations  of  the  oxygen 
aiul  the  carbon  dioxide  in  the  air,  and  pub- 
lished alarming  reports  in  the  newspapers. 
Professor  Chandler,  of  Columbia  University, 
made  some  careful  examinations  of  the  car- 
bon dioxide,  which  were  reassuring  enough 
for  him  and  for  many  others,  but  the  Rapid 
Transit  Railroad  Commissioners  were  not  fully 
satisfied.  They  held  the  view  that  here  was  a 
great  experiment.  The  subway  was  certain- 
ly uncomfortable.  Something  was  the  matter 
with  the  ventilation.  Was  the  air  dangerous 
to  breathe?  If  the  air  was  bad  and  could  not 
be  made  wholesome,  there  would  be  no  more 
subways  built.  The  importance  of  this  ques- 
tion was  considered  great  enough  to  warrant 
thorough  investigation.  I  was  asked  to  make 
the  investigation  and  did   so. 

The  temperature  and  humidity  were  determ- 
ined. There  were  50,000  determinations  of 
the  temperature  and  humidity.  The  oxygen 
was  estimated ;  there  were  80  determinations 
of  oxygen.  The  carbon  dioxide  was  determ- 
ined ;  there  were  3,000  analyses  of  that.  The 
numbers  of  bacteria  were  determined ;  there 
were  about  2,500  bacteriological  examinations. 
The  dust  was  analyzed.  I  found  the  problem 
to  be  largely  one  of  dust,  so  far  as  health  was 
directly  and  seriously  concerned. 

I  found  at  the  outset  that  the  ordinary 
quick-and-easy  methods  of  analysis  employed 
in  most  ventilation  work  were  not  suitable  for 
this  case.  And  so  the  most  accurate  determi- 
nations which  it  was  practicable  to  make  on  a 
large  scale  and  under  the  difficult  conditions 
of  subway  traffic  were  employed. 

It  was  onh'  by  the  most  refined  methods 
that   we   could    detect   anv   difference    between 


the  oxygen  in  the  subway  and  that  in  tlu-  out- 
side air.  The  difTerrncc  averaged  only  about 
iK'  P'irts  of  carbon  dioxide  per  10,000  parts 
of  air.  It  was  almost  incredible  that  such  a 
slight  difi'erence  shoidd  exist  while  the  air  in 
the  subway  was  so  unpleasant,  yet  the  fact 
could   not  be  disputed. 

It  was  diflicult  to  get  samples.  It  was  de- 
sirable that  they  should  be  collected,  as  far 
as  possible,  away  from  people.  So  I  had  the 
sample  bottles  put  in  a  basket  with  a  pnmp 
and  a  thermometer.  The  investigator  ap- 
peared to  be  a  young  man  proceeding  to  mar- 
ket. He  would  go  to  the  part  of  the  sub- 
way previously  determined  on,  await  his  op- 
portunity and  then  take  the  cover  off  the 
basket  sufficiently  to  insert  a  rubber  tube. 
Then  with  the  air  pump  he  would  pump  air 
through  a  flask  until  the  flask  was  filled  with 
the  air  to  be  analyzed.  I  found  we  could  get 
a  reliable  sample  in  that  way,  and  in  that  way 
alone. 

Fig.  I  shows  some  of  the  results.  There 
were  about  2,000  analyses  averaged  to  get 
the  figures  from  which  these  curves  were 
made.  The  amount  of  carbon  dioxide  in  the 
air  of  the  subway  is  shown  by  the.  heavier 
upper  line;  that  in  the  streets  by  the  hghter 
line  below.  Note  the  correspondence  between 
the  rising  and  the  falling  of  these  two  lines. 

You  see  the  observations  extended  over 
several  months.  I  found  there  was  a  differ- 
ence in  the  amount  of  carbon  dioxide  in  the 
air  of  the  streets  at  different  hours  of  the 
day.  Rush  hours  in  the  subway  always  gave 
larger  amounts  of  carbon  dioxide  than  other 
hours.  And,  curiously  enough,  the  rush  hours 
in  the  subway  appeared  to  be  the  rush  hours 
in  the  streets.  Apparently,  the  air  in  the 
streets  was  affected  by  the  great  numbers  of 
people  in  them.  The  striking  rise  shown  in 
December  is  due  to  the  large  increase  in  the 
number  of  people  using  the  subway  and 
streets.     It  was  the  Christmas  season. 

There  were  regular  variations  in  the  chem- 
ical condition  of  the  air  at  different  ho\irs  of 
the  day  and  night.  At  six  o'clock  in  the 
morning  the  carbon  dioxide  in  the  subway 
w^as  at  a  minimum.  It  then  increased  rapidly 
up  to  the  end  of  the  morning  rush  hour. 
From  the  end  of  the  morning  rush  hours, 
there  was  a  gradual  reduction  until  just  be- 
fore noon,  w^hen  the  reduction  ceased  and 
there    was    a    slight    increase.      The    increase 


COMPRESSED  AIR  MAGAZINE. 


5905 


FIG.     1. 

was  apparently  due  to  the  fact  that  there  was  lustrated  is  that  a  distinct  relation  existed  be- 

a  slight  rush  of  people  who  used  the  subway  tween   the   number   of   openings   to   the   street 

about   noon   in   the    shopping   district.      After  and  the  condition  of  the  air.     I  think  you  can 

noon  there  was  a  progressive  reduction  down  follow   the   diagram   without   my   aid.     It   led 

to   the    beginning   of   the    rush    hours    of    the  me  to  the   opinion,   which  I   have   since  been 

afternoon,  when  there  was  a  decided  increase.  able    thoroughly    to    confirm,    that    the    New 


^^*^^^,<iy 


From  that  time  there  was  a  pretty  constant 
reduction    until    morning. 

There  was  much  more  carbon  dioxide  at 
six  o'clock  at  night  than  during  the  rush 
hours  of  the  morning,  because  more  people 
traveled  at  that  time.  The  crowding  was 
much  greater  because  the  rush  period  was 
shorter.  Most  of  the  people  who  went  to  bus- 
iness between  seven  and  nine  wanted  to  get 
home  as  soon  after  six  as  possible. 

Fig.  2  shows  a  compound  diagram  which 
may  need  a  word  of  explanation.  We  have 
here  the  amount  of  carbon  dioxide  found  at 
the  different  stations.  The  subway,  you 
know,  is  20  miles  long,  and  the  most  inter- 
esting part  of  it,  from  the  standpoint  of  ven- 
tilation, is  between  Brooklyn  Bridge  and 
Seventy-ninth  Street.  This  diagram  repre- 
sents the  conditions  between  those  two  points. 
The  amount  of  carbon  dioxide  in  the  air  at 
different  stations  for  the  period  from  July  14 
to  September  i  lies  along  the  lower  broken  -j^"*^*' 
line.      Now,   later   in   the   season,   when   more  ^v***    ^"^^ 

people  were  traveling,  there  was  much  more 
carbon  dioxide  at  those  stations.  We  have 
this  fact  shown  on  another  broken  line.  La- 
ter, in  November,  when  the  heat  began  to 
abate  and  more  active  business  conditions  led 
more  people  to  take  the  subway,  there  was  a 
further  increase  in  the  amount  of  carbon  di- 
oxide, and  so  on  until  the  end  of  December. 
There  is  one  diagram  for  the  afternoon  hours 
and  one  for  the  morning  hours.  For  each 
station  you  will  find  on  this  diagram  the 
amount  of  carbon  dioxide  for  the  months 
covered   in   the   investigation. 

One  of  the  most  useful  results  of  the  whole 
work   is   illustrated   in   Fig.   3.     The  point   il- 


York  subway  and  other  subways  of  its  kind 
will  ventilate  themselves  if  they  are  given  a 
chance.     The  New  York  subway  did  not  have 
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FIG. 


a  chance,  and  the  Paris  subway  did  not,  for 
the  reason  that  it  was  too  tightly  enclosed 
for  the  air  to  move  in  and  out  with  the  requis- 
ite freedom. 

It  is  not  necessary  to  put  fans  into  sub- 
ways like  the  New  York  subway.  In  fact, 
it  is  doubtful  if  fans,  even  on  the  largest  scale 
practicable,  will  produce  material  improve- 
ment, except  immediately  at  the  points  where, 
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FIG.     3. 


for  example,  outside  air  is  pumped  iu.  b^aus 
will  uot  improve  the  air  sensibly  for  any 
considerable  distance.  This  was  proved  by 
my  investigations.  But  if  you  will  give  the 
subway  openings  enough,  it  will  breathe  of 
itself.  The  breathing  bears-  a  rather  close 
analogy    to    the    breathing    of    animals. 

The  subway  in  New  York  has  been  materi- 
ally improved  by  providing  blow-holes 
through  which  the  air  set  in  motion  by  the 
trains  can  move  in  and  out.  I  have  said  the 
need  of  so  much  opening  was  not  evident  at 
first. 


way    connnonly    employed    in    bacterial    analy- 
sis. 

As  was  said,  the  fans  did  not  materially 
improve  the  general  air  in  the  subway ;  the 
blow-holes  did.  Before  the  fans  were  put  in 
it  is  probable  that  the  air  was  renewed  once 
every  half  hour.  The  amount  of  renewal  af- 
ter large  sections  of  the  roof  were  opened 
was  very  great.  It  wasn't  possible  to  tell 
exactly  how  often  the  air  was  renewed,  for 
the  reason  that  the  number  of  people  travel- 
ing in  the  subway  was  not  known  by  the  city. 
There  was  no  census  of  travel  for  a  long  time 
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Bacteriological  examinations  of  the  air 
were  made.  Professor  Sedgwick  devised  fil- 
ters for  air  some  j^ears  ago,  and  it  was  partly 
upon  his  plan  that  our  filters  were  devised. 
They  are  small  tubes  filled  with  sand  and 
plugged  with  cotton  at  both  ends.  We  fast- 
ened two  filters  in  tandem  on  a  rubber  tube, 
which  was  connected  with  a  well  made  and 
carefully  operated  pump.  The  number  of 
strokes  of  the  pump  gave  us  the  quantity  of 
air  passed  through  the  filters.  In  passing 
through  the  filters  the  air  parted  with  its 
germs.  After  filtration  the  filters  were  taken 
to  the  laboratory  and  there  dealt  with  in  a 
after   the    subway   was   put   in    operation,    and 


none    until    after    my   investigations    had    been 
completed. 

In  Fig.  4  you  see  the  results  of  determina- 
tions of  the  number  of  bacteria  at  the  differ- 
ent stations  throughout  the  length  of  the  sub- 
way and  in  the  streets  overhead.  There  is  a 
general  correspondence  between  these  two 
sets  of  figures.  The  average  of  all  the  analy- 
ses shows  that  about  half  as  many  bacteria 
were  found  in  the  air  of  the  subway  as  in  the 
air  of  the  streets.  The  numbers  of  bacteria 
varied  with  a  good  many  circumstances,  one 
of  them  being  the  amount  of  air  moving  in 
the   subway. 
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TABLE.  —  Effect  ox  the  Numbers  of  Bacteria  in  the  Air  of  the 
Subway    produced    by    sweeping    the    Platforms    improperly. 


Place. 


Time, 
A.M. 


MiCKOOKGANISMS 

PER  Cubic 
Meter  of  Air. 


Bacteria.      Molds 


Ratio  of 
Bacteria 

TO 

Molds. 


T'ulton  Street  Station,  South  End,  west 
platform.  Remote  from  openings  to 
streets 

Porter  began  sweeping  near  by .  . 

Still  sweeping,  but  farther  off.  ... 

Still  sweeping,  middle  of  platform 


Average 


10.25 
10.41 

10.57 
II. 12 


4  900 

13  200 

8  100 

8  500 

8600 


100 

50 
o 
o 

38 


49  :  I 
264  :  I 


226  :  I 


The  accompanying  table  tells  its  own  story 
and  shows  the  effect  of  improper  methods  of 
cleaning.  The  porters  swept  the  platforms 
without  first  moistening  them,  and  this  greatly 
increased  the  numbers  of  bacteria  in  the  air. 
The  movement  of  the  trains  kept  the  bacteria 
in  the  air  because  the  movement  of  trains  set 
the  air  in  motion,  and  the  dust  particles,  which 
we  will  consider  later,  were  kept  afloat  also 
by  the  air  currents. 

It  was  very  difficult  to  devise  a  plan  for  de- 
termining the  quantity  of  dust  in  the  air.  The 
difficulty  lay  in  the  necessity  of  examining  a 
large  volume  of  air.  The  amount  of  dust  was 
small  to  separate  and  weigh  with  accuracy, 
so  that  a  special  apparatus  was  employed.  It 
consisted  partly  of  an  ordinary  Root  blower, 
adjusted  so  that  it  drew  air  through  a,  gas- 
meter.  The  meter  was  carefully  tested  and 
found  to  work  with  sufficient  accuracy  in  this 
manner.  A  filter  was  attached  to  the  gas 
meter,  so  that  when  this  pump  was  operated, 
the  air  passed  down  through  the  filter  to  the 
meter.  The  filter  was  composed  of  sugar.  Af- 
ter a  sufficient  number  of  cubic  feet  of  air 
had  been  passed  through  the  filter,  the  filter 
was  disconnected  and  taken  to  the  laboratory. 
There  the  sugar  was  dissolved  in  water.  The 
water  was  then  filtered  and  the  solid  particles 
were   dried   and   weighed. 


The  world's  production  of  metallic  aluminum 
has  risen  from  about  7,300  tons  in  1900  to 
24,200  tons,  last  year. 


FIRING  OF  GASES  BY    COMPRESSION 

At  a  recent  meeting  of  the  Manchester, 
Eng.,  School  of  Technology,  Professor  Dixon 
gave  an  address  on  the  above  topic.  Profes- 
sor Dixon  said  that  the  importance  of  the 
ignition  point  of  gases  lay,  he  thought,  in  two 
things — one,  the  theory  of  the  combustion  of 
gases  and  the  explosion  of  gases,  and  the 
other,  the  fact  that  the  ignition  of  gas  by  com- 
pression was  an  actual  industrial  process  in 
certain  gas  engines,  and  might  soon  be  in 
motors.  Dr.  Coward  and  he  had  been  con- 
ducting research  work  for  some  years  on  the 
determination  of  the  ignition  point  of  gases, 
and  while  they  had  been  working  a  paper 
appeared  in  an  American  journal  by  Mr.  Falk, 
who,  working  with  Professor  Nernst,  at  Ber- 
lin, had  carried  out  similar  research  by  com- 
pressing the  gases  suddenly  by  a  piston  in 
a  cylinder  and  determining  the  volume  to 
which  it  was  necessary  to  compress  them  be- 
fore they  fired.  The  results  obtained  by 
Nernst's  method  were  in  agreement  with 
some  of  the  results  he  and  Dr.  Coward  has  ob- 
tained, but  were  very  different  from  some 
other  experiments  of  theirs.  Professor  Dixon 
said  that  he  had  been  investigating  the  causes 
of  these  differences,  and  he  had  found  that 
the  chief  cause  was  that  some  gases  heated 
themselves  far  more  rapidly  than  others  be- 
fore the  flame  appeared,  and  this  pre-flame 
period  was  a  very  important  period  in  the 
ignition  of  gases — that  was  to  say,  it  might 
take  a  considerable  time  during  which  the 
gases  were  heating  themselves  up.     He   went 
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011  to  show  ;mtl  to  explain  an  apparatns  hy 
Avhicli  it  was  pt)ssil)K-  to  (U-trrnnm-  tlic  real 
ipiitioii  point  by  tlu-  coin|)ri'Ssi(in  of  j^ascs 
independently    of    this   pre  llanie   period. 
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CUTTING   TIMBERS  WITH  AIR 
HAMMERS 

By  S.  H.  Hill. 

In  the  Lake  Superior  district  it  has  been 
customary  to  cut  the  hitches  required  in  tim- 
bering by  hand,  usually  with  a  moil.  How- 
ever, since  a  great  number  of  first-class  air- 
hammer  drills  have  come  upon  the  market 
the  use  of  an  air  moil  for  this  work  has  met 
with  favor  upon  the  grounds  of  economy  and 
speed.  The  air  moil  can.  of  course,  only  be 
used  in  headings  that  are  piped  for  air.  .A. 
reducer  can  be  used  on  the  end  of  the  pipe 
and  air  for  the  hand  tool  taken  from  the  nip- 
ple used  for  heading  machines.    However,  this 


net'c-ssitati'S   doinj.,'   the   hiteh    euttinj.^  or   s<|uar- 
injs'  wlun  tlu-  headinj.^  machines  arc  nr)t  in  use 
or     wliik-    one    of    them    has    been    purposely 
stopped.      The    introduction    of   a   manifold    on 
the    i-nd    of    air    piin'.    ha\inj.(    one    oi)ening   es- 
pecially for  the  hand  tool  is  more  satisfactory. 
A    standard   tool,   .such   as   shown    in   the  ac- 
eonipan\  inj.(    illustration,    of    the    Hornet    hand 
hammer   drill    manufactured    by   the    Ingcrsoll- 
Rand   Company,   is   used   for   this   work.     The 
hand  drills  now  on  the  market  vary  in  weight 
from  20  11).  up.     The  bushing  A   for  the  drill 
steel  is  removable  from  the  cylinder  upon  the 
removal  of  dowel  pin  C,  which  is  held  in  place 
by  snap  spring  /^.     As  is  seen,  quite  a  recess 
is  afforded  between  the  rear  end  of  the  bush- 
ing A  and  the  front  end  of  anvil  block  D.     In 
practice,  steel   of  proper  form  to  fit  whatever 
bushing   the    drill    is    equipped    with,    is    used. 
One   end   of   this   steel   is   shaped    into   a   moil 
bit   (which  at  no  place  can  exceed  the  diame- 
ter of  the  steel  itself)   and  the  other  end  up- 
set in  such  a  way  that  it  will  ride  easily  in  the 
recess   between    the   bushing   and    anvil   block, 
and   at   the   same  time  the   steel   will  be   pre- 
vented from  being  shot  from  the  drill  in  case 
the  moil  is  not  tight  against  the  ground.     The 
moil   can   be  removed   from  the  hammer  drill 
by  removing  snap  spring  B,  dowel  pin  C  and 
pulling  out  both  the  moil   and  bushing.     The 
bushing  can   then  be  taken   from  the  moil  by 
simply    slipping   it    over    the   point.      The    use 
of    the    above-described    contrivance    means    a 
saving  of  time.     There  is  also  a  possibility  of 
making  use  of  this  outfit  in   sampling  breasts, 
etc. — Engineering  and  Mining  Journal. 


VARIETIES       OF      POWER      APPLICA- 
TIONS IN   A   RAILROAD  SHOP 

An  installation  of  considerable  interest  for 
the  varied  use  to  which  the  power  is  put,  is 
the  plant  of  the  railroad  repair  shops  of  the 
New  York  Central  Lines  at  West  Albany,  N. 
Y.  Electric  current,  both  alternating  and  di- 
rect, is  used  for  lighting  and  power  to  a  con- 
siderable extent.  For  transmission  from  the 
power  house  to  the  various  parts  of  the  shops 
the  current,  which  is  generated  at  480  volts, 
3-phase  60  cycle,  is  stepped  up  to  2.300  volts, 
and  at  each  shop  stepped  down  through  trans- 
formers for  operating  the  induction  motors. 
Arc  lights  in  the  yards  are  on  the  alternating- 
current  circuit,  while  to  provide  direct  cur- 
rent   for    incandescent    lighting   and    about   40 
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per  cent,  of  the  motor  load  there  is  a  direct- 
current  service  of  250  volts  generated  by  3 
motor  generator  sets.  Compressed  air  to 
the  extent  of  95,000,000  cu.  ft.  per  month  is 
furnished  at  an  average  pressure  of  90  lb.  per 
sq.  in.  by  two  Ingersoll-Rand  360-hp,  com- 
pressors, this  service  being  used  for  operating 
pneumatic  tools,  boiler  tube  cleaners,  and  for 
testing  air  brake  equipments,  and  various 
other  uses.  Hydraulic  power  also  is  used  to 
a  large  extent,  principally  for  pipe  testing  and 
similar  uses,  and  to  supply  the  necessary 
amount  of  water  under  pressure,  a  three  mil- 
lion gallon  service  pump  is  provided. 


OLD  BOILER    TUBES 

An  exchange  advises  its  readers  that  "old 
boiler  tubes  which  are  merely  rusted  out  at 
the  ends  may  generally  be  utilized  by  re- 
threading  and  used  as  air  or  water  pipes. 
Often  they  are  thrown  away  as  useless,  but 
it  is  rarely  the  case  that  they  will  not  with- 
stand a  pressure  of  100  lbs.,  or  even  more." 

On  the  word  of  an  old  machinist  of  the 
shop,  the  scheme  will  not  work.  Boiler 
tubes  are  so  thin  that  a  threading  tool  would 
almost  cut  through  them,  and  besides  that 
their  external  diameters  do  not  correspond 
with  those  of  standard  pipe  fittings.  Old 
tubes  are  often  made  "good  as  new"  by  cut- 
ting off  the  bad  ends  and  then  welding  or 
brazing  a  piece  to  one  end  sufficient  to  make 
up   the  required  length. 


CLEAN  INTAKE  AIR  FOR  TROLLEY 
CAR  COMPRESSORS 

The  lines  of  the  Rhode  Island  Company,  of 
Providence,  R.  I.,  traverse  a  country  which 
is  largely  underlaid  with  slate,  and  the  me- 
chanical department  has  experienced  much 
trouble  from  grit  and  dust  cutting  the  teeth 
of  motor  gears  and  pinions  and  compressor 
gears.  Master  Mechanic  W.  D.  Wright  has 
largely  overcome  these  troubles  by  placing 
felt  shields  on  the  motor  cases  and  by  piping 
the  compressor  air  from  points  above  the  car 
roof.  On  a  number  of  open  cars  this  has  been 
done  by  utilizing  two  of  the  down  spouts  de- 
signed to  carry  off  water  from  the  eave 
troughs,  while  on  closed  cars  pipe  is  carried 
up  back  of  the  controller  and  up  through  the 
roof.  By  this  method  clean  air  for  the  com- 
pressor is   secured  at  all  times. 


HIGH     PRESSURE   MANUFACTURHD 
GAS  FOR  FUEL 

The  Birmmgham,  Eng.,  Gas  Committee  are 
anxious  to  encourage  the  use  of  high-pres- 
sure gas  as  fuel  instead  of  coal  or  coke  in 
manufactories  and  workshops.  As  a  test, 
high-pressure  gas  has  been  installed  on  a  large 
scale  at  the  works  of  the  Birmingham  Alum- 
inum Casting  Company.  The  furnace  has  a 
fireclay  surround  of  3^  in.  in  thickness,  to 
which  the  gas  is  conducted  in  high-pressure 
resisting  pipes.  There  is  no  necessity  for  any 
special  burner,  but  a  careful  adjustment  of  the 
air  aperture  in  the  furnace  is  essential,  after 
which  no  other  attention  than  lighting  is  re- 
quired. When  the  gas  has  been  lighted,  the 
crucible,  which  is  capable  of  holding  more 
than  I  cwt.  of  aluminum,  is  raised  to  a  high 
temperature,  and  the  metal  is  brought  to  a 
fluid  state  in  about  sixty-five  minutes  at  a 
cost  of  IS.  46.. 


SAMPLING    SCREEN  DRIVEN  BY 
COMPRESSED  AIR 

Several  interesting  labor-saving  devices  are 
used  in  the  fine-grinding  room  of  the  sam- 
pling works  of  the  Cananea  Consolidated  Cop- 
per Company.  One  of  these  is  an  air-actu- 
ated sampling  screen.  It  consists  of  an  ordin- 
ary screen  held  in  a  light  steel  frame,  at- 
tached to  the  piston   of  a   small   air  hammer. 

The  usual  8o-mesh  screen  with  the  sample 
in  it  is  placed  in  the  frame.  The  attendant 
turns  on  the  air  and  merely  holds  his  hand 
on  the  screen,  steadying  it  in  its  back  and 
forth  motion.  The  stroke  is  about  i^  in. 
and  the  compressed  air  is  taken  from  a  main 
at  about  80  lb.  pressure.  With  this  device  it 
is  possible  to  screen  from  50  to  60  samples 
per  hour  while  formerly  a  Mexican  screened 
only  from  20  to  25  per  hour. — Engineering  and 
Mining  Journal. 


MEASURING    ALTITUDES  ^A^ITH  THE 
ANEROID  BAROMETER 

For  approximately  measuring  differences  of 
elevation  between  two  points  where  the  ob- 
servations can  be  made  with  only  short  inter- 
vals of  time  between  them  the  aneroid  baro- 
meter is  very  useful,  but  if  much  time  elaspes 
the  measurements  may  not  be  accurate  on 
account  of  the  changes  of  the  local  atmos- 
pheric pressure.     On  a  certain  occasion  an  ex- 
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cclU'iil  l);irnimtt'r  iiulicatcd  ;m  altitiuk-  of 
i.()CH)  tt.  It  was  carried  up  a  hill  to  the  simi- 
niit  of  a  ridge  wliere  it  read  i,<)(io  ft.  Twenty 
niiiuites  after  tlie  lirst  reading,  on  retnnnnK 
to  the  gulch  the  instrument  indicated  I.()15  ft., 
showing  a  chscrepancy  of  15  ft.  This  is  the 
way  of  the  aneroid  haronietir.  The  depth  of 
a  shaft  can  usually  he  (Kii'iiniued  with  coii- 
siilerahle  accuracy  if  there  he  no  delay  in  go- 
ing from  one  level  to  another,  or  from  the 
top  to  the  hottoni.  If  there  he  delay  from 
one  level  to  the  next,  take  separate  readings, 
and  then  take  several  trips,  reading  both  top 
and  bottom.  From  these  several  readings  take 
the  mean,  which  should  agree  closely  with  the 
actual   ligures  as  determined   hy  k'\elin^. 


HORSE  POWER  FOR  COMPRESSING 
AIR 

[The  following  article  by  Mr.  J.  William 
Jones,  Painted  Post.  N.  Y.,  we  are  enabled 
to  reproduce  by  the  kind  permission  of  the 
editor  of  Machinery  in  which  it  first  appeared, 
the  tables  constituting  a  portion  of  the  Decem- 
ber contribution  to  the  valuable  series  of 
Data  Sheet  Supplements  regularly  accompany- 
ing that  publication.  The  entire  matter  is 
copyrighted  by  the  Industrial  Press  of  New 
York.] 

In  estimating  the  various  items  in  com- 
pressed air  computations,  it  is  customary  to 
employ  formulas  previously  determined,  and 
generally  published  in  various  hand-books. 
This  custom  not  only  eliminates  the  possibil- 
ity of  errors,  but  saves  time  that  w^ould  other- 
wise be  used  in  long  calculations.  For  the 
same  reason  the  tables  accompanying  this  will 
be  found  valuable  to  those  who  have  to  deal 
with    calculations    relative   to    compressed    air. 

When  air  is  compressed  in  a  cylinder  with- 
out the  removal  of  any  heat  due  to  compres- 
sion, the  compression  is  termed  "adiabatic." 
On  the  other  hand,  when  the  heat  of  compres- 
sion is  removed  as  fast  as  produced,  the  com- 
pression is  known  as  "isothermal."  Neither 
of  the  above  conditions  are  ever  met  with  in 
actual  practice.  The  actual  compression  curve, 
however,  follows  the  adiabatic  curve  closely, 
and  we.  therefore,  assume  that  the  compres- 
sion is  adiabatic.  as  any  slight  difference  is 
on  the  safe  side.  Isothermal  compression  is 
an  impossible  ideal,  and  the  horsepower,  mean 
effective  pressure,   etc.,   relating  to   isothermal 


compression    are    rniployi-d    iu    tin     ni  d<iiig    of 
comparisons  oidy. 

The  formula  for  calcul.iting  tin-  horse- 
power re(|uired  to  compress,  adiahaticdl) ,  a 
given  volume  of  free  air  to  a  gi\in  press\  if 
is  as   follows : 


144  NPVn 


HP.  = 


:i3()()0 


-SKtF-] 


In  which 

A'  — number  of  stages  in  which  compression 
is    accomplished, 

P=:atmosphcric  pressure  in  pounds  per 
s([uare   inch, 

Pg^ahsolute  terminal  i)ressure  in  pounds 
per  square  inch=gage  pressure  plus  at- 
mospheric   pressure. 

//'^volume  of  air  in  cubic  feet,  to  be  com- 
pressed per  minute,  at  atmospheric 
pressure, 

w^exponent  of  the  compression  curve,  taken 
as   1.41    for  adiabatic  compression. 

Simplifying  the  above  formula  for  the  dif- 
ferent stages  and  for  a  value  of  one  cubic 
foot  we  have : 

For  one-stage  compression: 

H.P.  =  0.015  P  {R'-'  —  D 
For  two-stage  compression: 

H.P.  =  0.030  P  (/?«'^s— 1) 
For  three-stage  compression; 

H.P.  =  0.045  P  (A''^*)^'  —  1; 

For  four  stage  compression: 

H.P.  =  0.060  P  (/?oow_i) 

In   these   formulas  i?  =  —  =  number  of  at- 

P 
mospheres    to    be    compressed. 

For  computing  the  horsepower  required  to 
compress,  isothermally,  a  given  volume  of 
free  air  to  a  given  pressure,  the  following 
formula   should  be   employed : 


H.P.= 


144  xpy 


33000 


( 


Nap.  log. 


;) 


The  Napierian  logarithm  is  obtained  by 
multiplying  the  common  logarithm  by  the  fac- 
tor 2.302585. 

In  the  fourth  and  fifth  columns  of  the  tables 
for  two-  and  three-stage  compression,  it  will 
be  noticed  that  these  columns  cover  the  cor- 
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rect  ratio  of  the  cylinders,  and  the  inter- 
cooler  pressure,  respectively.  The  correct 
ratio  of  cylinders  (r)  is  obtained  by  the  fol- 
lowing formula : 


For  two-stage  compression: 


=^J 


For  three-stage  compression: 


P 

~pT 


stage  cylinder  of  any  three-stage  machine  is 
the  absolute  intercooler  pressure  from  the 
cooler  between  the  first  and  second  stages. 

Let 

Fi=intercooler    pressure    between    first    and 

second   stages, 
F2=intercooler     pressure     between     second 

and   third    stages, 

Then,  for  two-stage  compression: 


Pi  = 


Thus,  for  two-stage  compression  we  ex- 
tract the  square  root  of  the  number  of  atmos- 
pheres to  be  compressed,  and  for  three-stage 
we  extract  the  cube  root.  This  proportion  of 
cylinder  volumes  divides  the  work  equally  be- 
tween the  different  stages,  providing  the  inter- 
cooler abstracts  all  the  heat  due  to  compres- 
sion in  the  preceding  stage.  The  intercooler 
gage  pressures,  as  shown  in  the  fifth  column, 
are  obtained  by  multiplying  the  absolute  in- 
take pressure  by  the  ratio  of  the  cylinder 
volumes,  and  subtracting  from  this  result  the 
atmospheric  pressure.  It  should  be  remem- 
bered that  the  intake  pressure  of  the  second- 


(-^^•) 


For  three-stage  compression: 


-(-^?) 


(-^;r 


P:=l    ^^ 

It  is  sometimes  advantageous  to  know  the 
mean  effective  pressure  per  stroke  as  shown 
in  the  tables.  By  dividing  144  by  33,000  we 
obtain  a  factor  0.00436,  which  divided  into  the 
horsepower  will  give  the  mean  effective  pres- 
sure per  stroke. 
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CANAL     ZONE    MEETING.    AMERICAN 
INSTITUTE  OF  MINING  ENGINEERS 

Ilk-  Canal  /oiir  Mrrliii);  nl  tlu-  AiiuruNm 
Institute  of  Mininii  l''.n>;iiUH'rs  l)iL;:in  on  ( )ctt)- 
Wr  _M  and  i-tKKd  on  Xovcnihrr  15.  I  lu-  strain- 
er I'rin/  Ani^u^t  W'illu-lin  of  tlu'  I  Lmihurj^- 
Anurican  l.ini-  was  i-harti'ied  and  llu-  party 
consisted  of  iji  pi-isons,  ni(»st  of  tlu  in  nu-m- 
bers  of  the  Instilnte,  tlieie  hi'ini;  S4  nun.  the 
b.alanoe  heini^  in.ide  np  of  \vi\es.  (lan.i;hler.s 
and   guests. 

It  is  dtuibtful  whetlur  thi'  Institute  has  e\er 
before  gatbered  so  representative  a  body  of 
its  uienibers  in  any  one  excursion.  An  analy- 
sis of  the  list  sbmvs  that  ,^6  colleges  were 
represented  :nul  that  o\  the  84  men  do  were 
college  men.  Columbia  and  Lehigh  led  with 
10  representatives  each,  Harvard  and  the  Un- 
iversity of  Pennsylvania  following,  the  balance 
being  {listributed  o\er  nearly  every  college  in 
the  country.  I-jghteen  states  were  repre- 
sented. 

Metal  mining  was  represented  b\-  such  men 
as  Hennen  Jennings,  Gardner  F.  Williams, 
H.  C.  Perkins,  all  veterans  of  early  South 
African  mine  developments,  ]\Ir.  Williams  hav- 
ing been  for  some  eighteen  years  the  General 
Manager  of  the  De  Beers  &  Kimberley  dia- 
mond mines,  ^Messrs.  Perkins  and  Jennings 
representing  the  Robinson  and  other  Werner- 
Beit  properties,  the  largest  and  richest  gold 
mines  in  Africa.  All  three  of  these  men  have 
international  reputations,  made  because  of 
their  skill  and  character.  The  work  they  did 
in  South  Africa,  and  the  reputations  they 
made  did  credit  to  their  American  citizenship, 
and  no  one  envies  them  the  fortunes  which 
they  have  made  and  the  pleasures  which  they 
now  enjoy.  Other  miners  in  precious  metals 
were  R.  B.  Watson.  General  Manager  of  the 
Nipissing  and  La  Rose  mines  at  Cobalt,  On- 
tario ;  W.  E.  C.  Eustis.  of  Boston ;  A.  C.  Car- 
son, of  New  York ;  Walter  J.  Page.  ^Manager 
of  the  Guggenheim  Smelters  at  Omaha ;  and 
Harry  C.  James  and  David  G.  Miller,  of  Den- 
ver. 

Copper  and  other  metal  mining  interests 
were  represented  by  George  D.  Barron.  C.  W. 
Goodale.  Manager  of  the  Boston  &  Alontana, 
Butte ;  William  Kelly.  General  Manager 
Penn.  Iron  ^Mining  and  Republic  Mines  in 
Michigan :  and  David  W.  Brunton,  of  Den- 
ver. 


Mole  than  Wily  \nv  i-fiii.  of  the  anthracite 
(•o.ii  i)roduci'rs  wttr  n  pirsi-nted  in  person, 
.iinoiig  them  being  W  .  j.  Richards,  Vice-Pres- 
ideiu  of  the  l\r  idiiig  (  o.il  \  Iron  Company, 
with  a  pa\ -roll  of  I  went  \  millions  a  year, 
(larger  than  that  of  the  Panama  Canal)  aiul 
with  an  eipial  nninbt-r  of  nun  employed;  that 
is.  .V?.(X)o.  W.  .\.  Lathrop,  President  of  the 
Lehigh  Coal  ^v'  Navigation  Company;  S.  I). 
W'arriner,  Vice-President  and  CJeiu'ral  Man- 
ager of  the  Lehigh  Valley  Coal  Company;  R. 
y.  Xorris.  of  Wilkes- llarri- ;  James  S.  Cun- 
ningham, of  Johnstown.  Pa.;  II.  N.  I^aven- 
son,  Chief  I^ngineer  of  the  United  States  Coal 
&  Coke  Company,  of  West  Va. ;  Rowland  F. 
Hill,  of  Pulaski.  \'a.;  Eugene  McAulifTe.  Chi- 
cago; Samuel  .\.  Taylor,  Pittsburg;  Philip 
Goovlwill,  formerly  President  of  the  Pocahon- 
tas Company,  of  West  Virginia  ;  W.  S.  Ayrcs, 
of  lla/leton.  Pa.;  and  V.  W.  Scarborough, 
of  Richnu)n(l.   Va. 

In  other  hranches  of  engineering  were  Dr. 
Drinker.  President  of  Lehigh  University; 
Prof.  Richards,  of  Lehigh  ;  William  Kent,  Dr. 
Raymond.  Charles  KirchhofT,  Col.  D.  C. 
Dodge,  the  railroad  builder  of  Denver ;  Ed- 
ward W.  Parker,  D.  ^L  Riordan,  David  B. 
Rushmore.  Dr.  Struthers,  Jos.  Underwood, 
Thos.  Robbins,  Howard  Wood  and  Walter 
Wood,  of  Philadelphia;  C.  M.  Russell,  of 
Massillon,  Ohio;  and  Frank  M.  Warren,  of 
Minneapolis. 

Perfect  w^eather  was  enjoyed  from  New  York 
to  Havanna,  notwithstanding  the  apprehensions 
felt  because  of  the  recent  hurricanes.  There 
was  an  informal  reception  held  on  shipboard 
on  Saturday,  the  day  following  that  of  sail- 
ing, which  brought  the  members  and  their 
guests  together.  Much  interest  was  excited 
by  an  exhibition  made  by  Mr.  Gardner  Wil- 
liams of  diamonds  taken  from  the  Kimberley 
mines. 

On  Saturday,  October  23,  religious  service 
was  held  in  the  dining  saloon,  conducted  by 
Dr.  Raymond. 

For  the  first  time  it  was  noticed  that  the 
eminent  Doctor  is  a  singer  as  well  as  a  preach- 
er, and  on  this  occasion  he  sang  with  such 
zeal  that  his  voice  commanded  a  halt  when  his 
sermon  had  run  but  twenty  minutes.  The  Doc- 
tor spoke  of  immortality,  and  at  the  end  of 
the  service  the  Captain  of  the  ship  added  a 
peroration  to  the  sermon  by  calling  attention 
to  the  fact  that   the   sea  beneath   us   was   two 
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miles  deep.  In  the  afternoon  Dr.  Raymond 
repeated  that  delightful  and  instructive  ad- 
dress which  he  gave  on  Jamaica  at  the  New 
Haven  meeting  of  the  Institute.  As  Jamaica 
was  en  route  everj^  one  was  eager  to  get  in- 
formation about  the  Island  from  one  who  had 
spent  so  much  time  there. 

The  first  session  of  the  Institute  was  held 
on  the  ship  the  afternoon  of  October  24. 
President  Brunton  welcomed  the  members 
and  said  that  the  Institute  was  to  be  con- 
gratulated not  only  on  the  large  number  pres- 
ent, but  especially  in  that  there  had  never  be- 
fore been  so  representative  a  gathering  of  the 
prominent  and  distinguished  men  of  the  min- 
ing industries.  Dr.  Raymond  read  by  title  only 
a  long  list  of  papers,  giving  notice  that  some 
of  them  would  be  taken  up  and  read  or  dis- 
cussed  at   future  meetings  of  the   Institute. 

A  general  discussion  was  held  on  the  ex- 
tinguishing of  mine  fires.  Mr.  William  A. 
Lathrop  introduced  the  subject  by  referring 
to  the  fire  at  the  Summit  Hill  mine  of  the 
Lehigh  Coal  &  Navigation  Company.  Mr. 
Warriner,  formerly  General  Manager  of  the 
Calumet   &   Hecla   mines,    explained   how   the 
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fire  in  the  Calumet  &  Hecla  was  extinguished. 
Mr.  R.  V.  Norris  described  the  fire  at  the  Ly- 
kens  Colliery,  and  W.  J.  Richards  called  at- 
tention to  the  fact  that  shutting  off  the  air 
is  sometimes  more  effective  in  putting  out 
a  mine  fire  than  flooding  by  water.  Mr.  Sam- 
uel A.  Taylor  referred  to  certain  fires  in  the 
Wyoming  field  which  had  been  caused  by 
crossing  of  the  electric  wires.  President 
Brunton  spoke  of  the  great  fire  at  the  Ana- 
conda Mine,  it  being  generally  known  that 
Mr.  Brunton's  skill  contributed  very  largely 
toward  the  control  of  this  fire.  He  described 
how  futile  were  the  attempts  to  extinguish  the 
fire  by  water,  and  it  was  only  by  building 
bulkheads  at  intervals  closer  and  closer  to 
the  fire  that  the  territory  was  brought  under 
control. 

An  interesting  feature  of  Mr.  Brunton's  re- 
marks was  the  description  of  how  the  men 
wore  helmets,  to  which  they  attached  hose 
which  was  connected  with  the  regular  com- 
pressed air  pipe  in  the  mine,  this  air  not  only 
serving  to  keep  down  the  temperature,  but  to 
6I0W  away  the  smoke  and  noxious  gases,  en- 
abling the   men   to   reach   places   in   the   mine 
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otherwise  inaccessible.  At  these  phices  stone 
walls  were  hiiilt  hlockinjj;  off  the  air.  Mr. 
Bruiiton  said  that  (he  iiu-n  j^ot  so  aeeustonu'd 
to  the  use  of  these  air  helmets  that  it  was  a 
eoninioii  remark  that  with  such  an  e(inii)ment 
a  man  mij^ht  hnild  a  stone  wall  around  Hell. 
In  the  evening  a  general  entertainment  was 
gi\en  in  the  music  room,  followed  by  danc 
ing. 

So  favorable  had  boon  the  weather  that 
the  ship  arrived  in  Havana  early  on  Tuesday, 
the  25th,  being  so  much  ahead  of  time  that 
the  party  of  Cuban  engineers  who  had  planned 
to  receive  us  were  not  on  hand.  A  reception 
was  given  at  the  Plaza  Hotel  in  the  after- 
noon. On  arriving  in  Havana  a  party  of  en- 
thusiastic mining  engineers  hired  a  cab  and 
told  the  driver  to  show  them  the  town.  He 
went  straight  to  the  big  hill  back  of  Havana 
and  pointed  out  the  beautiful  panoramic  view 
of  the  city  and  harbor.  Going  on  a  little  fur- 
ther he  stopped  in  front  of  a  stone  mansion 
where  armed  guards  were  marching,  and  ex- 
claimed, "Presidio."  "Ah,"  said  an  M.  E. 
who  prided  himself  on  his  Spanish,  "yes,  this 
is  the  residence  of  the  President, — presidio,  I 
know.  What  a  beautiful  spot  and  what  a 
substantial  mass  of  buildings !"  In  the  even- 
ing of  the  same  day  this  party  was  received 
by  President  Gomez,  and  for  the  first  time 
learned  from  the  President  himself  that  the 
presidio  was  the  penitentiary.  The  impres- 
sion made  upon  every  one  was  that  Havana 
could  no  longer  be  looked  upon  as  a  dirty 
city;  that  it  was  distinctly  clean  and  healthy. 
Little  evidence  was  seen  of  the  hurricane, 
which  had  done  its  greatest  damage  in  the 
interior  by  the  destruction  of  tobacco. 

On  Thursda3%  the  27th,  en  route  to  Jamaica, 
the  Institute  held  a  session  on  the  ship,  con- 
tinuing the  discussion  on  mine  fires.  This 
was  participated  in  by  Mr.  Norris  and  Mr. 
Kelly.  Mr.  Kelly  described  four  cases  of 
fire,  referred  to  the  use  of  the  fire  helmet, 
and  said  that  he  had  learned  as  soon  as  an 
alarm  of  fire  was  sounded  to  first  get  the 
men  out  of  the  mine  and  next  not  to  use 
candles  but  acetylene  lamps.  Prof.  Brunton 
said  that  in  his  experience  with  carbon-mon- 
oxide in  mines  there  was  a  note  of  alarm 
sounded  when  the  danger  point  w-as  reached, 
this  being  a  tickling  sensation  in  the  fore- 
arm or  in  the  legs,  or  both,  and  that  as  soon 


as  this  srnsation  is  felt  one  .should  get  out 
of  the  mine  as  quickly  as  possible.  Dr.  Ray- 
mond read  a  letter  from  E.  E.  Ludlow  about 
an  exi)losion  in  the  Pelawo  mine  in  Mexico. 
Mr.  I'arker  in  discussing  this  case  said  that 
the  explosion  was  i)rol)al)ly  due  to  the  powder 
used, — a  cheap  dynamite,  not  one  of  the  ex- 
plosives known  as  permissible  in  the  United 
States  Government  regulations,  and  that  all 
coal  in  this  mine  was  shot  from  the  solid,  no 
undercutting  being  done.  Prof.  Brunton 
spoke  of  the  effect  of  putting  water  in  con- 
tact with  certain  sulphur  ores  in  mine  fires 
as  resulting  in  greater  heat,  thus  being  inef- 
fective in  extinguishing  a  fire.  Gardner  Wil- 
liams described  the  great  mine  fire  at  the  Dc 
Beers,  where  202  persons  were  killed.  Hen- 
nen  Jennings  was  introduced  by  Dr.  Raymond 
as  a  man  who  had  never  had  any  mine  fires. 
Mr.  Jennings  said  that  the  conditions  in  the 
Johannesburg  mines  were  essentially  safe, 
little  or  no  timber  being  used  ;  that  these  mines 
had  produced  nearly  three  hundred  million 
pounds  of  Sterling  in  gold,  and  that  his  story 
about  mines  fires  would  have  to  be  like  the 
treatise  which  the  man  wrote  on  the  snakes 
in  Ireland ;  namely,  there  are  no  snakes  in 
Ireland. 

In  the  morning,  Friday  the  28th,  the  en- 
tire party  indulged  in  sports.  Sober  men, 
who  carry  responsibilities  at  home,  could  be 
seen  in  their  shirt  sleeves  doing  cock  fights 
across  a  spar  which  the  Captain  had  strapped 
above  the  deck ;  indulging  in  pillow  fights, 
races  and  a  general  tug-of-war.  Another  ses- 
sion of  the  Institute  was  held  in  the  after- 
noon; Prof.  Richards,  of  Lehigh,  read  a  pa- 
per on  the  Production  of  Pig  Iron  by  the 
Electric  Furnace  in  Sweden.  Sports  con- 
tinued in  the  afternoon,  the  old  watchman,  a 
black,  Jamaica  negro,  dancing  a  jig  to  the 
amusement  of  the  passengers  and  to  his  own 
utter  demoralization  by  being  in  the  presence 
of  such  an  audience.  A  concert  was  held  in 
the  evening,  the  Jackdaw  of  Reims  being  read 
and  an  original  poem  a  la  Ingoldsby  Legends 
by  Dr.  Raymond.  Saturday  and  Sunday,  the 
29th  and  30th,  were  spent  at  Jamaica.  Much 
of  the  enjoyment  at  Jamaica  was  due  to  the 
courtesy  of  Mr.  Meyer,  the  General  Passen- 
ger Agent  of  the  Hamburg  Line,  who  accom- 
panied the  party  throughout  the  trip,  and  to 
Captain  Forward,  the  agent  at  Jamaica.  The 
natural    scenery   of   this    island   is    so    striking, 
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its  history  so  unique,  and  the  natives  so  sim- 
ple, yet  polite,  clean  and  intelligent,  that  one 
is  well  repaid  by  a  visit.  Parties  going  to  the 
Canal  Zone  would  do  well  to  stop  en  route 
at  this  interesting  island,  some  of  the  moun- 
tain peaks  of  which  are  nearly  a  mile  and  a 
half  high.  The  effects  of  the  earthquakes  are 
visible  throughout  Kingston,  especially  at  that 
interesting  city,  Port  Royal,  once  known  as 
the  wickedest  city  in  the  world. 

From  Jamaica  to  Colon  is  a  two-day  trip. 
The  party  was  entertained  en  route  by  a 
parade  of  the  "Kingston  missfits"  and  other 
sports.  The  weather  had  become  so  warm  that 
many  availed  themselves  of  the  opportunity 
to  purchase  light  suits  of  clothing  at  King- 
ston. Another  session  of  the  Institute  was 
held  on  Monday,  and  a  general  history  and 
description  of  the  Panama  Canal  was  given  by 
the  writer,  followed  by  an  interesting  address 
on  Panama  and  its  people  by  Mr.  John  M. 
Sherrerd.  On  the  evening  prior  to  arrival 
at  Colon  the  Captain's  dinner  was  held,  being 
rather  unexpected,  and  as  the  passengers  were 
in  their  shirt  sleeves,  because  of  the  warm 
weather,    a    committee    was    appointed    to    ask 
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the  Captain  about  the  formalities  of  the  occa- 
sion. His  reply  was  characteristic :  "Do  as 
you  like,  gentlemen,  this  ship  is  for  the  pas- 
sengers,  not  the   passengers   for   the  ship." 

Arrangements  had  been  made  to  visit  the 
Gatun  Dam  on  November  the  ist,  the  day  of 
arrival  at  Colon,  but  the  ship's  engine  went 
wrong  during  the  night,  or,  as  stated  on  the 
blackboard  the  next  day,  "The  fly  wheel 
jumped  over  the  eccentric,"  hence  the  arrival 
at  Colon  was  too  late  to  follow  the  program, 
the  party  being  met  by  Col.  Goethals  and  Ad- 
miral Rousseau,  who  took  the  train  directly 
to  Panama.  This  journey  gave  the  first  gen- 
eral view  of  the  Canal,  as  the  railroad  fol- 
lows the  line  closely.  The  cars  are  comforta- 
ble, an  observation  car  being  carried  at  the 
rear.  The  first  impression  made  upon  one 
who  had  visited  the  Isthmus  before  was  that 
great  progress  had  been  made  in  and  about 
Gatun,  and  next  it  was  plain  that  Gatun  Lake 
was  already  a  reality,  for  along  the  line  for 
miles  the  train  followed  through  swampy 
places,  the  water  at  times  being  over  the  rails, 
conditions  that  had  not  before  been  seen  by 
one   who   was   over   the   line   three   years   ago. 
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'1  his  uator  was  tlu-  haiUiiiK  up  "t  iIk"  hiUo  be- 
hind tl;at  portion  of  the  Ciatnn  Dam  already 
rmished.  the  hinitation.  as  Col.  (ioethal  ex- 
l)hiineil.  beinj.;  the  height  ol  tlu-  spillway  nates 
thronj^h  which  a  torrent  of  waler  ran  helow 
the  dam.  A  part  of  this  journey  from  C'olon 
to  Panama  was  over  the  re-locateil  line  of  the 
Panama  Railroad.  This  line  has  been  re- 
located throughout  its  entire  length,  though 
much  work  has  yet  to  be  done  upon  it.  A 
high  tribute  was  paid  to  John  F.  Stevens  In 
Col.  Cioetiials,  who  said  that  the  army  en- 
gineers now  building  the  Canal  were  not  rail- 
way builders,  but  that  Stevens  had  left  them 
an  inheritance  in  this  relocation  of  the  Pana- 
ma Railroad  which  was  very  much  appreciated, 
and  which  had  aideil  so  much  in  carrying  out 
the  general   plan   of  the   work. 

Through  the  courtesy  of  the  engineers  a 
special  train  took  us  through  the  Culebra  Cut 
on  November  the  -Mid.  The  story  was  told 
of  a  Congressman  who  was  taken  to  the  bot- 
tom of  tlie  Gatun  locks  and  looking  upward 
through  that  immense  gorge  between  ma- 
sonry walls  he  said  to  Col.  Goethals,  "At 
last  I  may  now  say  that  I  stood  on  the  bot- 
tom of  Culebra  Cut.  Will  you  now  please 
show  me  the  Gatun  Dam."  The  Culebra  Cut, 
as  we  saw  it.  resembles  a  canyon  in  Colo- 
rado. It  is  about  eight  miles  in  length  and 
has  been  excavated  at  each  end  to  within 
about  five  feet  of  completion.  In  the  middle 
seventy  feet  more  in  depth  has  to  be  taken 
out  The  walls  on  either  side  rise  in  vary- 
ing slopes  to  a  height  of  about  400  feet.  Huge 
slides  are  in  evidence,  one  of  them  reaching 
back  1.400  feet  from  the  cut.  the  material  in 
this  slide  being  estimated  at  three  million  cub- 
ic yards.  These  slides  are  gradual  in  move- 
ment, though  occasionally  a  heavy  and  rapid 
fall  of  material  takes  place,  one  of  these  slides 
having  submerged  a  steam  shovel.  The  ma- 
terial of  the  Culebra  Cut  is  the  most  unusual 
conglomeration  of  basaltic  and  sedimentary 
rock  that  has  ever  been  seen  in  one  place.  It 
varies  in  color,  hardness  and  in  chemical  com- 
position, these  variations  taking  place  at  fre- 
quent intervals.  Xo  man  can  estimate  when 
or  where  a  slide  will  occur  or  how  much  ma- 
terial will  work  its  way  into  the  cut  before  it 
reaches  the  angle  of  rest.  Col.  Goethals  in 
answer  to  the  question.  '"What  is  the  angle  of 
rest?"'  said  that  the  material  had  not  stood 
still  long  enough  for  them  to  measure  it  and 


that  it  \arird  all  tlir  w;i\  frmn  zero  to  90 
degrees.  (  )ne  could  iiol  siaiid  at  llu-  bottom 
of  this  cut  and  viiw  the  uncertainties  of  the 
situation  without  reaching  the  conclusion  that 
tn  diipcn  till-  Canal  eighly-five  feet  more 
might  involve  diniculties  and  del.iys  beyond 
calculation,  brnm  the  nature  of  the  material 
it  would  seem  that  wluii  tlic  water  is  in  the 
cut  it  will  aid  in  holding  it  in  place,  and  the 
plan  which  is  being  followed  is  to  let  it  slide 
as  it  will,  removing  it  with  shovels  until  it 
reaches  its  level.  This  will  jtrobably  go  on 
after  the  Can.al  is  linished.  but  the  dredges  will 
then  be  al)le  to  take  care  of  the  surplus  ma- 
li-rial   even    beltiT   than    tin-   sti'ain    shovels. 

The  party  were  entertained  at  a  reception 
given  by  the  President  of  Panama,  Senor 
Arosemena,  a  genial  Panamanian,  dark  enough 
in  complexion  to  indicate  the  presence  of  In- 
dian blood,  democratic  to  an  extreme  and 
proud  of  the  Canal  and  his  country,  Novem- 
ber the  3rd  being  the  anniversary  of  the  in- 
dependence of  Panama,  we  had  the  pleasure 
of  seeing  a  renewal  of  the  old  Fourth  of  July 
fireworks  system,  which  is  becoming  obsolete 
in  the  United  States.  The  President  re- 
viewed the  army  from  the  balcony  of  his 
residence.  This  army  is  nothing  more  than 
the  police  force,  consisting  of  fifty  men,  quite 
sufficient  to  protect  a  country  which  is  under 
the  surveillance  of  the  United  States.  Here 
we  have  an  allustration  of  the  practical  na- 
ture of  the  Monroe  Doctrine  when  applied 
to  a  Central  or  South  American  republic. 
They  save  enormous  expenditures  of  money 
by  devoting  their  time  and  attention,  and  the 
funds  of  the  state,  to  causes  other  than  de- 
fense, depending  entirely  upon  the  United 
States  to  protect  them  against  enemies  within 
and  without.  An  opera  party  at  the  National 
Theater  in  the  evening  was  a  pleasant  diver- 
sion. This  theater  is  maintained  by  the  gov- 
ernment, the  players  being  brought  over  from 
Spain  at  the  government's  expense ;  a  nominal 
fee  only  is  charged  for  admission. 

On  November  the  4th  an  evening  session 
of  the  Institute  was  held  at  the  Tivoli  Hotel, 
where  Dr.  Gorgas  described  the  work  of  sani- 
tation which  has  accomplished  so  much  on  the 
Isthmus  and  at  Havana.  The  Doctor  gave  a 
few^  instances  of  the  conditions  that  existed 
on  the  Canal  under  the  French.  He  said  that 
three  out  of  every  four  Frenchmen  who  came 
to   build   the   Canal   died   of  yellow   fever   or 
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some  other  disease;  that  of  twenty-four  Sis- 
ters of  Charity  who  came  there  as  nurses, 
only  two  survived;  that  a  French  Director 
General  lost  through  yellow  fever  every  mem- 
ber of  his  family,  consisting  of  his  wife  and 
three  children,  he  himself  becoming  insane. 
He  described  in  detail  the  sanitation  of  the 
city  of  Panama,  which  had  been  known 
throughout  the  world  as  one  of  the  most  un- 
healthy cities.  Each  residence  formerly  had 
a  cistern  to  catch  rain  water  for  drinking 
purposes.  The  water  in  these  cisterns  bred 
mosquitoes,  which  transmitted  yellow  fever 
and  malaria.  The  yellow  fever  mosquito  is 
a  different  mosquito  from  the  malaria  mos- 
quito. The  yellow  fever  mosquito  is  invari- 
ably a  female.  She  cannot  transmit  disease 
until  she  herself  has  taken  it,  but  after  a  cer- 
tain period  the  mosquito  becomes  infected 
with  yellow  fever  and  transmits  it  to  others. 
This  mosquito  is  domestic  in  its  nature  and 
does  not  fly  far  from  its  place  of  birth.  Were 
it  otherwise,  Dr.  Gorges  said,  the  yellow  fever 
mosquito  might  almost  exterminate  the  human 
race. 

Dr.  Hayes,  of  the  United  States  Geological 
Survey,  talked  on  the  subject  of  the  geology 
of  the  Isthmus,  and  Gardner  Williams  showed 
lantern  slides  of  the  diamond  and  gold  mines 
in   South  Africa. 

November  5  was  a  day  of  play  and  excur- 
sions to  Taboga  Island,  a  beautiful  spot  in 
the  Pacific  Ocean,  near  the  entrance  of  the 
Canal.  In  the  evening  the  Institute  gave  a 
reception  with  dancing  and  a  supper.  This 
was  attended  by  the  English,  French  and  other 
ministers,  by  prominent  Panamanians  with 
their  wives  and  daughters,  and  by  the  officers 
and  families  of  the  Canal  service.  Col. 
Goethals,  Dr.  Gorgas  with  wife  and  daugh- 
ter. Col.  Seibert,  Gov.  Thatcher,  the  Civil  Ad- 
ministrator of  the  Canal  Zone,  Admiral  Rous- 
seau, and  others  were  present.  Mr,  Camp- 
bell, the  American  Charge  dAffaires,  assisted 
in  this  reception.  The  sensitive  nature  of  the 
native  Panamanians  was  shown  by  the  fact 
that  at  the  conclusion  of  the  dances  the  or- 
chestra played  the  Panama  national  hymn,  to 
which  two  or  three  persons  danced,  very 
much  to  the  indignation  of  the  Panamanian 
ladies. 

On  Sunday  the  hospital  at  Ancon  was  vis- 
ited. No  one  can  see  this  hospital  without 
admiring    its    equipment,    the    skill    of    those 


in  charge  of  it  and  the  beneficient  influence  to 
those  not  only  on  the  Isthmus  but  through- 
out Central  and  South  America.  Pilgrim- 
ages are  made  to  Ancon  Hospital  and  large 
sums  paid  to  the  government  for  surgical 
operations  and  treatment  there.  An  evening 
session  was  held,  in  which  Mr.  Parker  read  a 
paper  on  Coal  Mining  Machinery,  illustrated 
with  lantern  slides,  Mr.  Rushmore  illus- 
trated electrical  devices,  and  Mr.  Gardner 
Williams  told  the  story  of  Rhodes  and  the  de- 
velopment of  South  Africa,  with  some  splen- 
did views  of  the  country,  the  men  and  the 
animals. 

On  November  7  the  Gatun  Dam  and  locks 
were  inspected,  occupying  the  entire  day. 
Though  this  was  the  rainy  season  there  had 
been  little  rain  on  the  Pacific  end  of  the 
Canal.  Statements  were  made  that  the  rain- 
fall on  the  Pacific  end  is  only  half  as  great 
as  that  on  the  Atlantic  end.  This  was  veri- 
fied when  the  party  reached  Gatun,  where 
there  was  a  baptism  of  rain  which  fell  at  the 
rate  of  3.28  inches  in  59  minutes.  Forty-two 
per  cent,  of  the  lock  work  on  the  Atlantic 
end  has  been  completed  and  fifteen  per  cent, 
of  the  work  on  the  Pacific  end.  About  one- 
third  of  the  Gatun  Dam  is  finished.  The  toe- 
walls,  consisting  of  dumps  of  broken  rock 
about  one-quarter  of  a  mile  apart,  are  plainly 
in  evidence,  the  loose  material  being  pumped 
in  between.  This  material  hardens  when  it 
settles,  and  it  would  seem  to  form  an  impervi- 
ous bed  for  the  dam.  The  material  is  being 
pumped  into  the  dam  at  the  rate  of  550,000 
cubic  yards  per  month,  the  entire  volume  of 
the   dam   being  twenty-three   million   yaj-ds. 

The  figures  show  that  concrete  is  being  laid 
on  the  Pacific  end  at  $4.65  per  yard,  a  figure 
unusually  low,  but  the  conditions  there  are 
very  favorable,  the  stone  being  brought  from 
the  Ancon  quarries  close  at  hand,  grades  are 
favorable  and  the  sand  coming  from  the  Pa- 
cific end.  The  concrete  costs  about  $2  in  ex- 
cess of  these  figures  at  the  Atlantic  end.  To 
explain  this  the  statement  was  made  that  the 
work  is  done  in  eight-hour  shifts  on  the  Pa- 
cific end  and  in  twelve-hour  shifts  on  the  At- 
lantic. These  eight-hour  shifts  split  up  the 
work  and  effect  economies  of  operation.  Can- 
tilevers are  used  on  the  Pacific  end  and  ca- 
ble-ways on  the  Atlantic,  it  being  claimed 
that  the  cantilevers  effect  economies  in  trans- 
portation   of   the    material.     Wood    forms    are 
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UM'd  (111  tlic  l';u"iru-  ciul,  >(iil  forms  (Ui  tlu- 
Atl.iiilir.  It  is  fiiu'stioiiabk-  ulutlur  tlu- sicrl 
forms  ^Ino  any  .idvaiitanc  over  the  wot)d,  as 
they  are  very  expensive;  hence  there  is  not 
a  snrphis  ;u  hand  to  j?ive  elasticity  in  move- 
imiit  from  om-  place  to  another,  the  forms 
heinji  left  in  place  until  the  cement  is  set. 
I^'urthermore.  the  steel  forms  do  not  adapt 
themselves   so   wi-ll   to   \aryinp  coiuiiticMis. 

At  the  Atlantic  end  the  stone  for  the  con- 
crete cost  $2.40  per  yard  in  the  stock  pile.  Of 
this  $1.10  is  amortization  of  the  plant,  tu^s, 
etc.  This  is  a  heavy  amortization  due  to  the 
fact  that  the  (juarries  arc  at  Porto  Bello,  re- 
quiring: a  larg^c  etiuipment  of  scows  and  tu^s 
and  double  handling  of  material.  At  the  Pa- 
cific end  the  material  is  brought  down  grade 
from  the  quarry  in  cars  and  delivered,  directly 
to  the  concrete  mixer,  hence  there  is  little  or 
no  amortization  charge  against  the  cost  of  the 
stone  in  the  Pacific  end,  which  is  said  to  be 
80  cents  per  yard  in  the  stock  pile.  Another 
point  which  must  not  be  lost  sight  of  is  that 
the  weather,  not  only  in  the  storms  at  sea, 
but  in  the  rainfall,  is  worse  on  the  Atlantic 
than  on  the  Pacific  end.  The  figures  appear 
to  show  but  little  difference  in  cost  of  con- 
crete when  based  upon  taking  the  stone  and 
sand  from  the  stock  pile  and  mixing  and 
placing.  Even  with  the  added  cost  on  the 
Atlantic  end  the  figures  compare  favorably 
with  those  given  for  concrete  on  the  New 
York  Barge  Canal,  which  is  said  to  be  $7.34 
per  yard. 

The  figures  show  that  rock  is  being  removed 
on  the  Canal  for  about  50  cents  per  cubic 
yard  in  the  dry.  This  cost,  however,  does  not 
include  administration  expenses,  which  would 
bring  it  up  to  about  70  cents.  The  removal 
of  rock  under  water  by  the  drill  scow  and  by 
the  Lobnitz  system  is  said  to  cost  somewhere 
betw^een  $1  and  $2  per  cubic  yard,  the  figures 
not  being  accurateh^  determined  because  in- 
sufficient dredging  has  been  done  so  far.  Both 
systems  appear  to  have  a  place  on  this  work, 
the  drill  scow  for  heavy  cutting  and  the  Lob- 
nitz for  light  work  at  a  depth  of  2  or  3  feet. 
The  submarine  rock  excavation  has  been  re- 
duced to  something  like  150,000  yards  by  the 
plans  which  are  being  carried  out  of  coffer- 
damming  the  work,  hydraulicing  the  m.aterial 
over  the  rock  and  pumping  it  into  the  dam, 
removing  the  rock  in  the  dry. 

To  sum  up.  it  is  plain  that  the  Canal  is  be- 


inK  liuih  cNpcdilionsly  on  plans  uhiili  are 
vvisi-  and  with  an  orKani/iition  that  is  weil 
fitted  to  carry  out  these  plans.  Recent  I1o<k1s 
have  deposited  hini<lreds  of  thousands  of 
yards  of  gravel  at  the  mouth  of  the  Chagres 
River,  thus  contradicting  the  arguments  made 
by  the  sea  level  advocates,  that  the  Chagres 
was  not  a  sediment  carrying  stream.  This 
sedimentary  material  is  in  evidence  every- 
uhiTi'.  being  used  in  the  towns  for  rcjad  build- 
ing. It  consists  mainly  of  pebbles.  With  the 
enlargement  of  the  mouth  of  the  Chagres  by 
the  (latnn  Lake,  which  carries  the  waters  of 
the  lake  ten  miles  up  the  river,  it  is  not  likely 
that  this  material  will  be  a  menace  to .  the 
Canal. 

The  work  of  excavation  is  nearly  three- 
quarters  done,  but  no  attempt  is  made  to  fin- 
ish the  excavation  in  advance  of  the  work  on 
the  Atlantic  end,  the  plans  following  a  sys- 
tem of  coordination  of  work  from  one  end 
of  the  Isthmus  to  the  other.  That  the  Canal 
will  be  finished  some  time  during  the  year 
1914  there  appears  to  be  no  reason  to  doubt. 

The  Hotel  Tivoli  at  Panama  is  a  first-class 
hostelry  on  a  hill  facing  the  Pacific,  beautiful 
in  its  surroundings  and  comfortable,  notwith- 
standing the  difficulties  which  must  accompany 
an  effort  to  give  food  and  service  to  those 
who  are  accustomed  to  hotels  in  the  North. 
The  food  is  drawn  from  the  government  com- 
missariat; vegetables  are  not  raised  on  the 
Isthmus  and  chickens  are  scarce,  hence  every- 
thing is  imported.  The  waiters  are  easy-go- 
ing West  Indians,  some  good  and  some  bad 
and  others  very  bad.  Mrs.  William  Kelly  was 
greeted  by  a  Tivoli  waiter,  who  put  a  finger 
bowl  in  front  of  her  with  the  exclamation, 
'AVash  your  fingers,  miss."  This  same  wait- 
er was  transferred  to  Gatun  when  the  party 
was  given  a  luncheon,  and  recognizing  Mrs. 
Kelly  he  apologized  for  the  absence  of  finger 
bowls  by  giving  her  a  soup  bowl  to  "wash 
her  fingers  in." 

The  party  left  the  Isthmus  on  the  8th  and 
were  loudly  cheered.  It  was  not  explained 
W'hether  this  cheer  was  a  compliment  or  oth- 
erwise. It  was  said  that  a  delegation  of  Con- 
gressmen were  also  cheered  and  that  a  man 
on  the  dock  was  heard  to  exclaim :  "The  Lord 
gave  and  the  Lord  hath  taken  away,  blessed 
be  the  name  of  the  Lord." 

As  the  ship  was  warped  from  the  dock  the 
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songs  went  over  the  water :  "Here's  to  Col. 
Goethals,  may  Culebra  Cut  have  no  falls." 

Homeward  bound  the  party  held  an  election 
for  Governor  of  New  York,  resulting  in  a 
majority  for  Mr.  Stimson,  Captain  Krause  as- 
suring us  that  never  had  his  passengers  failed 
to  correctly  indicate  the  result  of  the  elec- 
tions. 

Sessions  of  the  Institute  were  resumed,  the 
subject  of  discussion  being  the  Panama  Canal 
where  a  uniform  sentiment  of  approval  was 
shown.  This  was  embodied  in  a  signed  state- 
ment which   has  already  been  published. 

November  10  was  spent  at  Kingston,  Ja- 
maica, where  the  party  took  lunch  at  the 
Myrtle  Bank  Hotel  on  the  invitation  of  Pres- 
ident Brunton,  who  received  his  reward  in 
cheers  for  "Baby  Brunton  whose  daddy  went 
a'hunting."  It  was  moved,  seconded,  and 
unanimously  adopted,  that  Brunton  be  con- 
tinued as  President  of  the  Institute  until  the 
completion  of  the  Canal.  An  enthusiastic 
member  moved  as  an  amendment,  that  "Judg- 
ment Day"  be  substituted  for  "Canal."  We 
were  honored  by  a  visit  from  a  German 
Prince,  the  nephew  of  the  Emperor,  and  an 
alligator.  The  Prince  being  in  Kingston  Har- 
bor on  a  German  warship,  and  having  shot 
an  alligator  he  wanted  it  despatched  home, 
so  took  advantage  of  the  sailing  of  the  Au- 
gust Wilhelm. 

Sessions  of  the  Institute  were  continued,  a 
paper  was  read  by  Mr.  Goodale,  of  Butte,  on 
the  Utilization  of  Electric  Power.  He  ex- 
plained the  system  being  installed  there  by 
which  power  at  110,000  volts  is  taken  132 
miles  to  Butte,  where  it  is  to  be  converted 
into  compressed  air  for  running  thirty  hoists, 
ail  situated  within  one  and  a  half  miles,  the 
plant  being  located  in  the  center  of  the  dis- 
trict. Mr.  Watson  described  the  Taylor  sys- 
tem of  compressing  air  which  is  in  use  at 
Cobalt  and  said  that  they  had  found  that  this 
air  contained  less  oxygen  than  normal  com- 
pressed air,  the  effect  being  such  as  to  pre- 
vent the  use  of  candle  in  the  mines,  and  that 
at  times  if  the  air  is  draw'n  on  rapidly  mois- 
ture is  carried  over  with  the  air.  The  last 
stopping  point,  before  reaching  New  York, 
was  Fortune  Island,  where  thirty-eight  ne- 
groes, known  as  deckers,  were  put  ashore, 
these  men  having  been  taken  on  only  for  the 
purpose  of  handling  freight.  Fortune  Island 
is    a    narrow    strip,    about    a    mile    wide    and 


several  miles  long.  It  belongs  to  the  British 
Bahama  Group  and  is  peopled  by  negroes. 
The  Governor  of  the  Island,  a  white  man, 
came  aboard  and  was  asked  if  there  were  any 
white  people  on  the  Island.  He  replied  "Yes," 
and  pointing  to  a  dark-skinned  companion,  he 
said,  "I  and  the  postmaster  there."  It  seems 
that  this  governor  has  lived  on  the  Island  al- 
most a  lifetime.  He  lost  his  first  wife  and 
has  recently  married  again.  Captain  Krause 
told  us  of  the  exuberant  joy  with  which  the 
Governor  greeted  him  recently,  saying  that  "I 
have  got  a  fine  wife  now.  Captain.  She 
weighs  250  pounds." 

The  President  of  the  United  States  was  on 
his  way  to  the  Canal  while  this  ship  was  en 
route  North,  hence  a  wireless  was  sent  into 
the  air  as  follows :  "American  Mining  En- 
gineers returning  from  Isthmus  congratulate 
you  upon  good  plan,  splendid  management 
and  satisfactory  condition  of  work."  To  this 
came  the  following  reply: 

"Your  message  received.  It  is  most  satis- 
factory to  have  the  assurance  of  men  who 
are  experts  that  the  great  Canal  construction 
has  been  well  planned  and  is  being  carried  on 
to  a  successful  completion.  I  thank  you  for 
this  visit  and  the  courtesy  of  your  kind  meS' 
sage.     Taft." 

To  pass  a  President  of  the  United  States 
was  an  era  in  the  good  record  of  Captain 
Krause,  who  bore  on  his  breast  a  medal  from 
the  old  German  Emperor  for  saving  a  life  and 
the  Honor  of  the  Golden  Cross  from  the  pres- 
ent Emperor  for  saving  a  ship,  so  when  these 
wireless  messages  were  received  this  gallant 
captain  slept  not  at  all.  Disregarding  the 
compass  he  veered  his  ship  landward,  and  as 
became  an  old  mariner,  he  figured  the  time 
and  place  when  the  Prinz  August  Wilhelm 
might  pass  the  two  warships  bearing  the 
President  of  the  United  States.  About  two 
dozen  passengers  kept  company;  instilled  with 
the  same  spirit,  paced  the  deck,  straining  their 
eyes  landward  in  the  cold  moonlight,  hoping 
to  catch  a  glimpse  of  the  President.  All  at 
once  there  was  a  sound  of  revelry  on  board, 
men  ran  about  the  decks,  the  halyards  rattled, 
and  at  the  sound  of  the  Captain's  whistle  the 
port  side  of  the  ship  was  ablaze  with  red, 
white  and  blue  lights,  discharged  at  intervals 
from  each  deck  and  from  many  portholes. 
The  wireless  man  was  also  put  in  action,  send- 
ing his  sputtering  notes  and  lightning  flashes 
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at  the  foremast.  ll  was  nulcrd  a  sij^lit  thai 
"left  itself  ft)rever  on  your  initid."  Ihit  the 
land  lovers  who  stood  up  to  sir  this  failed  to 
recoj^nizc  a  thiiip  hut  the  pale  uioon  and  its 
streaks  across  the  water.  "See  it  there,"  said 
the  Captain,  "right  muler  the  moon."  Time 
passed,  tlie  lights  went  out,  quiet  was  re- 
stored, when  the  watch  in  the  crow's  nest  sent 
the  signal  soon  plain  to  everyhody.  that  over 
the  starhoard  i|uarter  came  two  mannnouth 
warships  hearing  the  President,  and  the  good 
Captain  confessed  that  he  had  saluted  a  coal 
hulk  hearing  its  load  of  Pocahontas  down  to 
the  Isthmus.  The  Captain  was  sure  that  the 
coal  hulk  responded  to  the  signals  as  he  saw- 
something  "going  up"  in  the  air  in  the  light 
of  the  flashes  from  the  August  Wilhelra. 
Imagination  only  can  picture  the  exultation 
on  the  deck  of  the  coal  hulk,  and  the  things 
that  went  up  were  doubtless  chunks  of  best 
coal,  thrown  mastward  in  acknowledgment 
and  appreciation  of  the  noble  salute.  The  log 
of  no  coal  hulk  ever  before  recorded  such  a 
history. 

The  sessions  of  the  Institute  were  contin- 
ued. Mr.  Ayres  presenting  his  paper,  Con- 
servation of  Coal  and  Its  Production  for  IVIar- 
ket.  President  Brunton  read  a  report  of  the 
Thirtieth  Annual  Convention  of  the  Ameri- 
can Mining  Congress  which  was  held  at  Los 
Angeles.  Cal.,  September  26,  1910.  Mr.  Tay- 
lor presented  a  report  of  the  Mining  Congress 
on  rules  governing  the  installation  of  elec- 
tricity in  mines,  referring  briefly  to  a  report 
in  detail  which  would  be  presented  and  print- 
ed in  the  transactions  of  the  Institute.  Dr. 
Raymond  read  a  letter  from  Prof.  Edw.  H. 
Williams,  Jr..  of  Woodstock,  Vt.,  in  regard  to 
the  proposed  mining  laws.  The  printed  re- 
port of  the  Committee  on  Uniform  Mining 
Laws  for  the  Prevention  of  Mine  Accidents 
was  discussed  by  ]\Ir.  George  H.  Warren, 
Mr.  Kirchhoff,  Mr.  McAulifife,  Mr.  Warriner 
and  Mr.  Jennings.  Mr.  Jennings  dwelt  partic- 
ularly on  the  question  of  secrecy  and  said  that 
the  true  policy  of  a  mining  company,  like  the 
true  policy  of  any  company  presenting  its 
stock  for  sale  on  the  market,  should  be  to  give 
the  public  all  information  available  concern- 
ing the  mine,  the  costs  included.  He  said, 
*'If  we  desire  or  demand  the  open  shop  w^e 
should  give  an  open  office.  This  hushed,  un- 
derbreath  talk  about  mines  only  hurts  the 
industry    and    helps    the    swindler."      Messrs. 


(ioodali-,  Kill\  .ind  W.itson  .also  joined  in  the 
discussion.  .Mr  ( i.irdncr  Williams  said  that 
ill  i'.n.ulisli  ecuutiifs  tlu-  regard  I'oi-  law  ;ind 
till'  iiit'orccnu'ut  of  l.iw  is  \i-ry  nuuli  gnatt-r 
than   in   the   L'niti-d   States. 

On  .Suuvlay  the  i.^tli  services  were  held  by 
1  )r.  Raymond  in  the  niorniii;;.  Koht.  1*.  i^or- 
ter,  representatiiij.:  the  London  Times,  ad- 
dressed till-  institute  upon  .Suuth  .America, 
and  ilu-  evening  was  gi\-en  uj)  to  an  eiuhusias- 
tic  celebration  of  the  birthday  of  Dr.  Joseph 
Struthers.  who  while  not  the  master  of  the 
ship  was  surely  the  master  of  the  trip.  To 
Dr.  Struthers,  more  than  to  any  other  one 
person,  belongs  the  credit  for  the  success  of 
the  meeting. 

On  the  14th  sessions  of  the  Institute  were 
contiiuied.  Dr.  Raymond  read  a  paper  ex- 
pressing approval  of  the  plan  of  work  of  the 
Panama  Canal,  which  after  amendment,  was 
unanimously  adopted.  Prof.  Richards  ad- 
dressed the  Institute  on  the  Electrical  Manu- 
facture of  Steel,  and  the  President  adjourned 
the  meeting  with  congratulations  for  an  ex- 
perience which  can  only  be  characterized  as 
one  continuous  carnival  of  pleasure  and  inter- 
est. 

W.  L.  Saunders. 


COMPRESSED     AIR  ON    THE  PANAMA 
CANAL 

From  the  report  of  the  Isthmian  Canal 
Commission  for  the  year  ending  June,  1910, 
we  learn  that  the  air  compressor  subdivision 
compressed  during  the  year  7,227,203,513  cubic 
feet  of  free  air,  as  against  4,935,110,000  cubic 
feet  for  the  preceding  year,  an  increase  of  46 
per  cent.  Two  additional  compressors  of 
2,500  cubic  feet  free  air  capacity  were  in- 
stalled. All  compressor  plants  have  been 
equipped  with  hot  water  meters,  fuel  oil  heat- 
ers and  other  accessories  for  keeping  close 
accountirig  of  the  output  per  barrel  of  fuej 
oil,  of  water  evaporated  per  barrel  of  oil 
and  the  general  economies  of  plant  operation. 

On  account  of  slides  occurring  in  Culebra 
cut,  18,810  feet  of  main  pipe  line  were  re- 
moved and  relaid.  Also  3,000  feet  of  8  inch 
main  pipe  was  installed  between  Balboa  plant 
an  Ancon  rock  crushing  plant.  Durirg  the 
3'ear,  in  furnishing  air  connections  for  drills 
and  other  purposes,  1.838,128  feet  (348  miles) 
of  pipe  was  laid,  3,040  feet  of  pipe  was  rct^a/cd. 
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AIR  COMPRESSOR  DEVELOPMENT 

It  has  often  been  remarked  that  those  most 
intimately  responsible  for  compressed  air  prac- 
tice, in  the  designing  of  apparatus  and  in  the 
installation  and  operation  of  air  plants,  have 
been  neglectful  of  the  possible  efficiencies,  so 
that,  up  to  very  recently,  compressed  air  as 
a  means  of  general  power  transmission  has 
been  dicredited  and  its  adoption  in  many  cases 
has  been  delayed  by  the  prevalence  of  unneces- 
sarily wasteful  practices  which  have  operated 
as  deterrent  examples.  In  recent  years  there 
has  been  an  encouraging  change  for  the  bet- 
ter in  this  particular,  so  that  now  it  may  be 
said  that  much  of  the  air  used  is  compressed 
at  one  third  of  the  actual  power  cost,  with 
commensurate  reductions  also  in  labor  and 
other  accompanying  items,  as  composed  with 
the  costs  of  less  than  a  score  of  years  ago.  It 
is  no  wonder  that  it  is  found  out  at  last  that 
it  will  pay  to  use  compressed  air  in  large  and 
more  or  less  permanent  engineering  opera- 
tions, where  it  would  not  have  been  thought 
of  when  air  first  began  to  be  compulsorily  used 
for  mining  and  tunneling  and  subaqueous 
work,  the  possible  economies  in  practice  being 
then  so  generally  ignored. 

We  may  gather  what  consolation  we  can 
from  the  fact  that  steam  economy  developed 
even  more  slowly  than  that  of  compressed  air. 
From  the  Great  Eastern  to  the  Campania 
there  was  an  interval  of  forty  years,  the 
former  having  8,000  horsepower  and  the  lat- 
ter 30,000  upon  practically  the  same  coal  con- 
sumption. In  the  successive  trans-Atlantic 
steamers  which  came  out  in  the  meantime, 
each  at  the  time  represented  the  best  skill  and 
judgement  of  its  designers,  but  the  same  could 
hardly  have  been  said  of  air  compressors  un- 
til very  recent  years.  The  standard  compres- 
sor and  practically  the  only  compressor  of  the 
leading  builders  less  than  a  score  of  years  ago 
had  a  single  steam  cylinder  and  a  single  air 
cylinder,  thus  igtioring  the  even  then  well 
known  possibilities  of  economising  at  each 
end  of  he  machine. 

The  attention  of  the  engineering  world  was 
at  this  time  being  especially  directed  to  the 
possibilities  of  steam  economy  by  the  various 
reports  of  tests  of  pumping  engines  in  the 
Transactions  of  the  Mechanical  Engineers  and 
elsewhere,  so  that  there  would  seem  to  have 
been  special  suggestion  and  incentive  to  con- 
sider   and    adopt    similar    economies    in    com- 
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prcsst'd  air  priuticc.  Vhv  possible  c'\i>lanatitm 
of  the  failure  lo  do  so  may  Ik-  two  told.  I  lu- 
water  pumping  proMciu  is  a  vastly  siinpUr 
one  than  that  of  air  eoinpression  ;  imlei-d.  thire 
would  seetu  to  be  no  easier  proposition  tor  the 
steam  eiiKimer  than  the  high  duty  pump, 
while  that  of  the  air  eompressor  is  amoiij^  the 
most    ei>mi)le\    and   dilVieult. 

In  the  pumping  engine  the  work  is  continu- 
ous. The  machine  may  run  day  and  nij^ht. 
and  always  at  its  best,  without  a  governor  and 
without  change  of  adjustment.  The  resist- 
ance aiiaist  the  piston  is  constant  for  the  en- 
tire stroke,  and  the  same  for  every  stroke, 
and  there  is  no  such  thing  even  as  clearance 
to  Ik*  thought,  the  pumj)  being  its  own  meter, 
its  count  of  strokes  being  its  record  of  deliv- 
ery. 

In  the  air  compressor  the  w'ork  is  never 
constant,  because  the  rate  of  consumption  is 
constantly  varying  and  the  air  can  be  stored 
in  advance  only  in  comparatively  small  vol- 
ume. In  the  compressing  cylinder  a  con- 
stantly increasing  resistance  opposes  a  con- 
stantly diminishing  steam  pressure.  Clear- 
ance cannot  be  all  eliminated  and  whatever 
there  is  represents  reduced  capacity.  The 
heating  of  the  air  during  compression  neces- 
sitates the  cooling  of  the  working  surfaces  to 
secure  safe  lubrication,  and  the  keeping  of  the 
air  itself  as  cool  as  possible  is  a  necessary  ex- 
pedient in  the  saving  of  power.  While  water 
may  be  pumped  to  any  pressure  in  a  single  cylin- 
der, air  must  be  compressed  in  stages  with 
efficient  cooling  of  it  between  them.  To  con- 
trol the  intake  and  delivery  of  the  air  to  cor- 
respond with  the  rate  of  consumption  and  at 
the  same  time  keep  the  compressor  in  reliable 
and  economical  operation  has  challenged  the 
ingenuity  of  the  best  engineers,  with  results 
now  most  satisfactory. 

In  the  designing  and  in  the  operating  of  the 
steam  driven  air  compressor  all  the  conditions, 
at  both  ends,  or  in  the  operation  of  both  func- 
tiors  of  the  machine,  are  to  be  considered. 
Comparing  the  best  and  recent  practice  with 
what  was  only  lately^  too  prevalent,  it  is  found, 
after  all,  that  considerably  more  is  to  be  saved 
at  the  steam  end  than  at  the  air  end  of  the 
machine,  and  those  w^ho  have  had  the  most  to 
say  about  the  economy  of,  sa\\  two-stage  air 
compression  for  the  usual  working  pressures, 
while  ignoring  the  possible  steam  economies 
for  the  same  machines  have  not  been  true  mis- 
sionaries. 


Of  coiHse  the  complete,  si-jf  lontained  ;ind 
np-to-dati-  maeliine.  which  iinbodies  all  lh:it 
is  bi'st  in  capacit\-,  ellieiencN.  eeonom\  and 
rc-liabililN'  is  not  the  cheai)est  to  build,  n<»r 
the  machine  easiest  to  sell  to  the  iminformed. 
and  the  temptation  to  build  the  cheap  and  in- 
eflicient  has  too  often  prevailed,  but  now  cus- 
tomers arc  being  educated,  and  especially  the 
best  enigneers  .are  becoming  aUrt  and  are 
seizing  their  opportunities,  and  large  perman- 
ent plants  embodying  .all  that  skill  can  de- 
sign and  capital  conmiand  are  becoming  frc- 
([uent. 


NEW  BOOK 

Rock  Dkii.i.s,  Design.  Construction  and  Use. 
By  Juistace  M.  Weston.  McGraw-Hill  Book 
Company,  New  York.  370  pages,  6x9  inches, 
IQ3  cuts  and  numerous  tables.     Price,  $4.00. 

The  author  of  the  book  is  an  Associate  of  the 
School  of  IMines,  Ballarat,  Australia,  and  a 
Lecturer  on  Mining  in  the  Transvaal  Univer- 
sity College.  He  has  had  practical  mining  ex- 
perience in  Australia,  South  Africa  and  the 
United  States  and  his  book  throughout  bears 
evidence  of  complete  familiarity  with  its  sub- 
ject. The  various  makes  of  both  piston  and 
hammer  drills  are  described,  with  notable 
omissions  of  one  or  two  of  the  most  prominent 
of  the  latter  class.  The  largest  part  of  the 
book  is  devoted  to  rock  drill  practice  and  to 
mining  and  tunneling  in  general.  Numerous 
examples  from  actual  practice  under  widely 
diversified  conditions  are  given  with  detailed 
information   of  actual    results   secured. 


A  TWO  CYLINDER    SINGLE-ACTING 
AIR  COMPRESSOR 

[We  reproduce  here,  complete,  from  The 
Engineer,  London,  cuts  and  description  of  a 
small  air  compressor,  said  to  be  an  example 
of  good  engineering  practice  and  design.  It 
is  not  good  practice  to  compress  by  single- 
stage  to  100  lbs.  Water  jacketing  of  cylin- 
ders and  heads  merely  keeps  the  metal  cool 
and  does  little  to  cool  the  air  during  com- 
pression, so  that  the  two  cylinders  instead  of 
one  give  little  advantage  in  this  respect.  Vol- 
umetric efficiency  minutely  greater  or  less  is 
scarcely  worth  talking  about  for  compressors 
whose  maximum  capacity  is,  say,  50  cubic  feet 
of  free  air  per  minute,  although  if  it  were 
5000  cubic  feet  it  might  be  proper  to  consider 
it.  The  mechanical  instinct  which  would 
make     small     machines,     especially     if     high 
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FIG,  I. 


speeds  were  desired,  as  simple  as  possible  is 
still  entitled  to  respect  and  does  not  lead  to 
trouble.] 

The  ever-widening  field  of  usefulness  for 
compressed  air  is  causing  engineering  firms 
to  turn  their  attention  to  the  production  of 
compact  and  simple  compressors  to  work  at 
high  speeds  with  efficiency.  For  the  smaller 
machines  two  small  single-acting  cylinders 
are  more  efficient  than  a  single  cylinder,  ow- 
ing to  the  greater  cooling  surface  they  pro- 
vide. The  compressor  of  which  we  give  an 
illustration  in  Fig.  i  herewith,  is  made  by 
Broom  and  Wade,  Limited,  High  Wycombe, 
and  is  an  example  of  a  modern  single-acting- 
machine  in  which  good  engineering  practice 
and  design  have  been  embodied.  This  ma- 
chine has  two  6in.  cylinders  by  7in.  stroke, 
and  is  fitted  with  a  special  form  of  automatic 
unloading  valve,  to  which  we  shall  allude 
later.  The  machine  has  been  designed  to 
compress  air  to  100  lb.  pressure  per  square 
inch  at  one  stage.  The  valves  are  mechani- 
cally operated,  and  the  inlet  valve  is  lifted  by 
means  of  a  special  wiper  and  link  off  the  con- 
necting-rod. As  will  be  seen  in  Fig.  2,  the 
wiper  works  on  a  pallet  with  a  rolling  mo- 
tion, closing  and  opening  the  valve  noiselessly 
at  the  correct  period  of  the  stroke,  the  air 
flowing  freely  through  the  cylinder  until  the 
end  of  the  stroke,  and  it  is  claimed  that  by 
means  of  its  inertia  the  cylinder  is  filled  with 
air  at  a  pressure  slightly  above  that  of  the 
atmosphere,    thus     increasing    the    volumetric 


efficiency.  This  method  of  operation  increases 
the  life  of  the  valve  and  seat  and  ensures 
noiseless  working.  The  valves  are  made  of 
the  finest  nickel  steel  and  are  practically  in- 
destructible.      The     pistons     are     accurately 


FIG.  2. 
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tivcly  small  cyliiult-r.s  and  lar^c  coolinj^  sur- 
faces, the  volumetric  efficiency  of  these  two 
cylinder  compressors  is  claimed  to  be  greater 
than  that  of  single-cylinder  machines  of  the 
same  capacity.  Moreover,  the  whole  of  the 
cylinder  head  is  available  for  cooling  the  air. 
The  automatic  unloading  di'virc  is  nK)unted 
on  the  cylinder  cover,  and  is  independent  of 
the  rest  of  the  machine.  This  appliance  con- 
sists of  a  controlling  valve — Fig.  3 — which 
operates  of  its  own  accord  wlien  the  receiver 
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FIG.   3. 


ground  to  fit  the  cylinders  and  are  fitted  with 
rings  of  a   special  type. 

The  bearings  are  lubricated  by  means  of  a 
rotary  geared  oil  pump  mounted  on  the  end 
of  the  shaft.  This  pump  has  neither  valves, 
plungers,  nor  eccentrics  to  cause  trouble.  It 
is  positive  in  action,  and  has  only  one  pipe 
connection  to  the  oil  well  in  the  base.  It  de- 
livers oil  through  its  own  casing  and  a  hole 
drilled  through  the  crank  shaft  to  each  main 
bearing  and  to  the  gudgeon  pin  bearings.  The 
cylinders  are  water-jacketed,  and  the  cylinder 
casting  is  firmly  secured  to  a  heavy  cast  iron 
crank  case,  which  also  acts  as  the  base  of  the 
machine  and  is  provided  with  an  oil  well.  The 
cranks  are  placed  opposite  one  another,  and 
the  valve  gear  for  each  cylinder  is  operated 
by  its  own  connecting-rod.  Both  the  inlet 
and  delivery  valves  are  of  ample  area  with 
only  a  small  lift,  and  the  delivery  valve  has  a 
heavy  spring  which  enables  it  to  close  quickly. 
Owing  to   these   features,   coupled   with   rela- 


FIG.  4. 

pressure  rises  to  a  fixed  maximum  or  falls 
to  a  predetermined  minimum.  This  valve  in 
turn  controls  a  piston-operated  air  inlet  valve 
— Fig.  4 — in  such  a  way  that  when  the  pres- 
sure reaches  the  maximum  the  air  supply  is 
cut  off  and  the  compressor  runs  light.  On 
the  other  hand,  when  the  pressure  has  fallen 
to  the  minimum,  the  valve  is  opened  and  the 
compressor  takes  up  its  load  again.  The  pis- 
ton-operated inlet  valve  consists  of  a  cas- 
ing, provided  with  flanges,  so  that  it  may  be 
mounted  on  the  inlet  supply  pipe,  and  carry- 
ing a  small  air  cylinder  at  its  upper  side. 
This  cylinder  has  a  piston,  which  is  fixed  on 
one  end  of  an  internal  spindle,  on  which  the 
piston  valve  is  mounted.  The  piston  and 
valve  are  normally  kept  in  their  upper  open 
position  by  the  helical  spring  shown.  On  the 
operation  of  the  controlling  valve,  however, 
the  upper  end  of  the  cylinder  is  put  in  com- 
munication with  the  air  receiver,  so  that  the 
pressure  forces  down  the  piston,  overcomes 
the  spring,  and  closes  the  piston  valve.  The 
working  conditions  remain  thus  until,  owing 
to  a  fall  of  the  receiver  pressure,  the  con- 
trolling valve  opens  the  cylinder  in  the  inlet 
valve  to  the  atmosphere,  when  the  spring — 
Fig.  4 — ^being  no  longer  balanced  by  the  pres- 
sure above  the  piston,  extends,  and  opens  the 
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valve  again.  Connection  between  the  inlet 
valve  cylinder  and  the  automatic  controlling 
valve  is  made  by  a  small  pipe,  joined  up  to 
the  air  passage,  shown  in  Fig.  3. 


NOTES 

According  to  a  report  made  to  the  Geo- 
logical Society  of  Mexico  by  Prof.  Juan  S. 
Agraz,  a  meteorite  found  on  the  Arenalas 
ranch,  88  km.  northwest  of  Durango,  con- 
tained :  Iron,  96,60  per  cent. ;  nickel,  0.99 ; 
cobalt,  2.39;  carbon,  0.13.  This  is  the  first 
time  carbon  has  been  reported  in  ajiy  of  the 
many  meteorities  found  in  Mexico. 


The  taxes  on  automobiles  in  Great  Britain 
are  determined  according  to  the  horsepower, 
on  a  rising  scale.  A  car  not  over  6^  horse- 
power pays  about  $10  a  year,  while  a  ma- 
chine of  from  35  to  40  horsepower  pays  a  tri- 
fle over  $50,  and  one  of  from  40  to  60 
horsepower,  slightly  over  $100  a  year.  Auto- 
mobiles with  engines  rated  at  over  60  horse- 
power are  taxed  at  the  rate  of  $202.70  a  year. 


For  the  46  locks  on  the  Panama  canal, 
there  will  be  92  gate  leaves.  The  leaves  will 
be  hung  from  the  canal  sides,  meeting  in  the 
center  when  closed,  and  each  leaf  will  weigh 
about  600  tons;  will  be  65  feet  wide  by  ']']  feet 
high  and  7  feet  thick ;  composed  of  girders 
and  steel  plating,  with  interior  .air  chambers. 
The  plating  will  be  7/16  inch  thick  at  top,  in- 
creasing  to    13/16   at   bottom. 


A  natural  gas  well  of  tremendous  flow  has 
been  struck  at  Kessarmas,  Hungary.  The  drill 
hole  is  951  ft.  deep  and  the  flow  of  gas  is 
about  31,782,600  cu.  ft.  per  24  hours.  The 
gas  carries  about  99.25  per  cent,  of  methane 
(CH4)  with  a  heat  value  of  about  8,500  to 
8,600  calories.  The  gas  escapes  from  the 
drill  with  a  velocity  of  about  420  miles  per 
hour,  causing  a  roar  which  can  be  heard 
about  2^   miles. 


"The  superstition  with  regard  to  the  effect 
of  water  on  the  spine,"  says  the  Second  Re- 
port of  the  Royal  Commission  on  Mines, 
"does  not  appear  yet  to  have  entirely  disap- 
peared, according  to  Mr.  E.  B.  Wain,  who 
said  that  in  Staffordshire  the  men  still  have 
a    rooted    objection    to    washing    their    backs, 


and  we  believe  it  lingers  in  others  parts  of  the 
country.  But,  generally  speaking,  we  believe 
that  miners  as  a  class  are  cleanly,  and  it  must 
be  remembered  that  in  the  case  of  men  em- 
ployed in  severe  manual  exertion  like  hewing 
coal,  often  in  a  high  temperature,  perspiration 
acts  as  a  cleansing  agent;  in  fact,  many 
miners  may  be  said  to  take  a  daily  Turkish 
bath." 


,  The  Hudson  &  Manhattan  Railroad  is  now 
operating  more  than  2,200  trains  a  day  in  the 
tunnels  under  the  Hudson  River  between  New 
York,  Jersey  City  and  Hoboken.  This  is  the 
largest  number  of  trains  operated  daily  on 
any  double-track  railroad  in  the  world.  Dur- 
ing the  rush  hours  the  headway  of  trains  in 
and  out  of  the  Cortlandt  street  terminal  sta- 
tion is  only  i  minute,  and  the  maximum  head- 
way o'f  trains  between  the  hours  of  6  a.  m. 
and   12  midnight  is  2^   minutes. 


The  amounts  of  air  required  in  different 
portions  of  a  mine,  for  ventilating  purposes, 
are  not  apt  to  be  supplied  proportionally  by 
the  natural  splitting  of  the  currents.  While 
the  longer  splits  are  likely  to  employ  a  larger 
number  of  men  and  accordingly  require  a 
greater  quantity  of  fresh  air,  the  natural  di- 
vision of  the  air  would  give  them  less  and 
the  shorter  splits  more  than  required.  Ac- 
cordingly, regulators  are  placed  in  the  air 
ways  to  divide  the  current  according  to  the 
demands  of  the  different  working  places. 


The  Kruppe  Works  at  Essen  are  growing 
as  rapidly  as  ever.  On  July  ist  of  last  year 
the  firm  employed  68,726  officials,  clerks  and 
workmen,  who,  with  their  families,  made  up 
the  population  of  a  large  town ;  yj.ydi  were 
employed  in  the  steel  foundry  and  the  gun- 
testing  grounds  alone.  The  coal  and  coke 
consumption  amounted  to  2,491,406  tons.  The 
number  of  steam  engines  was  569,  developing 
89,430  horse-power.  The  firm  has  its  own 
electricity  works  and  gasworks,  which  latter 
produces  18,487,300  cubic  metres  of  gas. 
There  are  87  miles  of  railway,  52  locomotives, 
and  2,396  cars. 


The  bolometer,  devised  by  the  late  Profes- 
sor Langley  to  measure  the  heat  of  the  stars, 
is  a  marvelous  instrument.     The  heat  of  the 
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average  star  is  no  K«*^'>»ter  to  us  than  the  heal  at  Lake  BhifT,  111.  J'.xixrinuiits  showed  that 
of  a  candle  placed  three  miles  away,  yet  this  a  very  good  surface  conld  he  ohtaincd  in  a 
delicate  instrnment  will  im-asun-  the  varying  short  time  with  air  at  50  to  55  Ihs..  and  that 
degrees  of  heat  given  off  hy  different  stars.  hest  resnits  are  mon-  easily  ohtained  on  con- 
A  spider's  weh,  a  thread  of  spun  glass,  the  crete  a  month  old  or  more  than  on  green  con- 
gauze  t)f  a  tl\'s  wing  ami  a  nnrror  ;is  small  crete.  'llu-  projxr  snrface  cutting  is  ohtained 
as  a  pin  head,  are  some  of  the  things  that  by  holding  the  nozzle  at  an  angle  with  the  sur- 
enter  into  its  c»>nstruction.  It  is  so  sen.<itive  face,  and  by  varying  the  distance  between  the 
to  heat  that  the  im.ige  of  a  man's  face  thrown  nozzle  and  the  surface  about  1,000  sq.  ft.  a 
upon  it  at  a  distance  n\  a  half  mile  will  he  day  is  easily  covered,  and  with  good  men  a 
registered  sharply.  maxinnun   area  of  2,000  s(|.   ft.  could  hc'  flone. 


The  concrete  pipe  line  just  completed  for 
the  (Ontario  Power  Company  is  declared  to 
be  unique  in  its  engineering  features  among 
the  great  pipe  lines  of  the  continent.  It  is,  in 
fact,  the  only  one  (^f  its  kind  and  size  in  the 
world.  Tn  diameter  it  is  18  feet,  and  a  mile 
anil  a  quarter  in  length.  It  took  but  i'wc 
months  to  complete  it.  Resting  on  a  solid 
foundation  of  concrete,  it  traverses  a  section 
of  almost  every  known  variety  of  soil.  Rock, 
gravel,  loam,  and  quicksand  were  encountered. 
The  number  of  bags  of  cement  used  was  247,- 
642.  besides  2,350  tons  of  steel.  Its  walls  arc 
fully  18  inches  in  thickness.  The  big  pipe 
could  easih'-  be  used  as  an  underground  rail- 
way tube  for  an  ordinary  trolley  or  passen- 
ger train. 


The  perfilograph  is  an  ingenious  instru- 
ment for  recording  graphically  the  undulations 
of  the  bottom  of  a  channel  in  depths  to  about 
six  or  seven  fathoms.  It  is  the  invention  of 
Augustus  Mercau,  an  Argentine  engineer,  by 
whom  a  paper  was  read  at  Buenos  Ayres  be- 
fore the  Naval  Section  at  the  recent  meeting 
of  the  International  American  Scientific  Con- 
gress. A  heavy  weight  of  from  150  to  200 
pounds  is  slowly  dragged  along  the  bottom  by 
a  wire  rope  attached  to  the  stern  of  a  steam 
launch.  As  the  depth  changes,  the  inclina- 
tion of  the  wire  varies.  The  sine  of  the  angle 
made  by  the  wire  with  the  horizontal  plane  is 
registered  graphically  in  parallel  ordinates  on 
a  roll  of  paper  which  is  slowly  unwound  by 
means  of  clockwork  at  a  rate  proportionate 
to  that  of  the  vessel. 


The  Missouri  Sand  Blast  and  Cleaning  Co. 
of  Chicago  has  recently  made  successful  ex- 
periments in  roughing  the  surfaces  of  sample 
concrete  blocks,  made  from  materials  which 
are  being  used  in  the  construction  of  a  bridge 


LATEST   U.   S.   PATENTS 

Full  specifications  and  drawings  cf  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.   C. 

NOVEMBER    1. 

974,201.         AIR-COMPRESSING      APPARATUS. 

William   U.   Gkifkitiis,   Philadelphia,   Pa. 
974,267.       DRILLING    APPARATUS.       JOHN     J. 
Hen  NESS  Y  and  Edward  A.   Capocefalo,   Syra- 
cuse,  N.   Y. 

1.  A  pneumatic  apparatus  comprising  a  case, 
an  air  compressing  piston  and  a  hammer  piston 
movable  in  the  case,  the  pistons  being  spaced 
apart  therein  and  being  unconnected,  the  spaces 
in  the  case  behind  the  compressing  piston  and  in 
front  of  the  hammer  piston  being  unconnected, 
and  a  catch  extending  through  the  case  for 
holding  the  hammer  piston  in  its  retracted  or 
starting  position,  during  the  compression  stroke 
of  the  first  mentioned  piston,  substantially  as  and 
for   the   purpose   described. 

974,286.      VACUUM    CLEANING    APPARATUS. 
Frank  J.   Matchette,   Richard  Raddatz,  and 
Charles  Moukos,  Milwaukee,  Wis. 
974,328.  FLUID-PRESSURE-CONTROLLED 

SWITCHING   DEVICE.      Christian   Aalborg, 
Wilkinsburg,   Pa. 
974,345.       CENTRIFUGAL    PUMP    AND    COM- 
PRESSOR.    Harry  F.  Benson,  Lynn,  Mass. 
974,366.      PUMP,    INJECTOR,    OR    THE    LIKE. 
Gerhard    Joan     Otto    Doris    Dikkers,     Lon- 
neker,   near  Hengelo,   Netherlands. 
974,375.       FLUID-PRESSURE-ACTUATED     IM- 
PACT-TOOL.    George  H.  Oilman,  Claremont, 
N.  H. 
974,409.      COUPLING-VALVE  FOR  PNEUMAT- 
IC CLEANING-TOOLS.     Frank  J.  Matchette 
and  Charles  Moukos,  Milwaukee,  Wis. 
974,413.      PRESSURE-FLUID  ENGINE.     Henrt 

H.  Mercer,  Claremont,  N.  H. 
974,483.         PNEUMATIC       STACKER.         John 

Goodison,    Sarnia,    Ontario,   Canada. 
974,540.      SPRAYING    APPARATUS.         Samuel 

Trudeau,   Toledo,    Ohio. 
974,543.      FLUID-PRESSURE   MOTOR.      Daniel 

Shaw  Waugh,  Denver,  Colo. 
974,563.      AUTOMATIC    PRESSURE-CONTROL- 
LER FOR  WATER  AND  OTHER  PIPES.  iRA 
G.  FosLER,  Chicago,  111. 
974,582.        AIR-PUMP.        John      J.      McIntyre, 
Hartford,   Conn. 

974.617.  RECEIVING  APPARATUS  FOR 
PNEUMATIC-DESPATCH  SYSTEMS.  Har- 
old D.  Waterhouse,  Quincy,  Mass. 

974.618.  SENDING  MECHANISM  FOR  PNEU- 
MATIC-DESPATCH APPARATUS.  Harold 
D.   Waterhouse,   Quincy,   Mass. 

974,640.  SPRAYING  APPARATUS.  Mott  Bil- 
lings Brooks,  Rochester,  N.  Y. 

974,645.  MIXING- MACHINE.  Alfred  U.  Da- 
vis,  Lutherville,    Md. 
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974,743.  PNEUMATIC  THERMOSTAT.  Charles 
E.   Bonnet,   Philadelphia,   Pa. 

NOVEMBER    8. 

974,789.      OZONIZER.     David  S.   Hbnney,   New- 
ark   N.  J. 
974,795.  '  CRUDE-OIL  BURNER.     Lee  O.   Hud- 
son, Altus,  Okla. 
974,799.      PNEUMATIC-DESPATCH-TUBE    AP- 
PARATUS.    John  S.  Jacques,  Hingham,  Mass. 
974,872.       FLUID-PRESSURE     VALVE.       John 
FouRNiA,  Albany,  N.  Y. 

1.  In  combination  with  the  valve  mechanism 
of  a  fluid-pressure  motor,  means  co-operative 
with  the  valve  mechanism  tending  to  place  the 
mechanism  in  starting  position,  and  means  con- 
trolled by  the  pressure  fluid  for  rendering  the 
co-operative  means  inoperative. 

974,913.  ROTARY  COMPRESSOR  OR  THE 
LIKE.  Wilhelm  von  Pittler,  Wilmersdorf, 
near  Berlin,   Germany. 


engine,  said  engine  comprising  a  horizontal  sta- 
tionary cylinder  open  at  both  ends,  oppositely 
acting  pistons  mounted  in  the  respective  ends 
of  said  cylinder,  levers  fulcrumed  at  one  end  and 
having  their  opposite  ends  connected  respectively 
to  said  pistons,  resilient  means  interposed  be- 
tween said  levers  for  normally  holding  said  pis- 
tons at  their  inner  extremities  of  movement,  and 
means  for  automaticall.y  feeding  a  percussion- 
powder  ball  into  said  cylinder  with  each  recipro- 
cation of  said  pistons,  and  means  co-acting  with 
said  pistons  whereby,  upon  each  reciprocation 
of  said  pistons,  air  is  forced  into  said  tanks,  sub- 
stantially as  described. 

975,19(j.  APPARATUS  FOR  TESTING  FLYING- 
MACHINES  AND  LEARNING  THE  ART  OF 
AVIATION.  Richard  Alexander-Katz,  Ber- 
lin, Germany. 

1.  A  device  of  the  character  described  compris- 
ing an  aerial  track,  a  suspensory  device  rotarily 
supported  by  and  adapted  to  travel  on  said  track, 
a  flexible   meniDer   passing   over   said   suspensory 
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974,934.        METHOD     OF     CASTING     METAL. 
Charles  H.  Upson,  Waterbury,  Conn. 
The   method  hereinbefore  described   of  casting 
metal  consisting  in  supplying  air  under  pressure 
to  the  metal  when  pouring  the  same. 
974,995.       WIND-MOTOR.       John    Schies,    An- 
derson, Ind. 
974,997.         AIR-REGULATOR.         William       A. 

Shore  and  Gut  R.  Rodgers,  Decatur,  111, 
975,028.      VACUUM-CLEANER.     John  A.   For- 
ney, Reading,  Pa. 
975,040.     PROCESS  FOR  REMOVING  OXYGEN 
FROM  VESSELS.     Robert  Hopfelt,  Cologne- 
Klettenberg,    Germany. 

Process  for  the  elmination  of  oxygen  from  any 
desired  containers  by  union  of  the  oxygen  with 
phosphorus,  consisting  in  causing  phosphorus-hal- 
ogen gases  mixed  with  hydrogen  to  ignite  in  the 
previously  evacuated  container. 
975,136.  AIR-COMPRESSOR.  James  J.  Kielt, 
Chicago,  111. 

1.  The  combination  in  an  air  compressor  of  an 
explosion  engine,  air  tanks  mounted  adjacent  said 


device  and  to  one  end  of  which  the  flying  ma- 
chine or  aviator  may  be  suspended,  a  counter- 
weight attached  to  the  other  end  of  said  flexi- 
ble member,  and  means  for  limiting  movements 
of  ascent  and  descent  of  said  counterweight  and 
object  suspended  from  said  member. 

975.229.  FLYING-MACHINE.      RoscoE  C.   Gore, 
Tecumseh,    Nebr. 

975.230.  PNEUMATIC    STACKER.      John    Ha- 
GEN,  Hopkins,  Minn. 

975,233.       AIR-COMPRESSOR.       John     Hanna 

and  Albert  Henry  Hanna,  Troy,  N.  Y. 
975,258.    PNEUMATIC-CUSHION   FURNITURE. 

William  E.  Kurtz,  Oakland,  Cal. 
975,275.      INTERNAL-COMBUSTION    ENGINE. 
George  Mortimer  Perlewitz,  Chihuahua,  Mex- 
ico. 

1.  An  internal  combustion  engine,  comprising  a 
casing,  a  power  wheel  mounted  therein  and  pro- 
vided with  a  high  pressure  side  and  a  low  pres- 
sure side,  means  for  supplying  air  into  said  low 
pressure  side,  mechanism  for  compressing  said 
air  thus  supplied  into  said  low  pressure  side,  an 
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explosion  i'IkiiuIm  r  ooiimrttMl  wKli  s;ii»l  IiIkIi  prr.s- 
.siiif  side,  iiitiiiis  ft»r  coiiiliu'tin^  saUl  air  at'ttT 
r«'f»'i\  liiK  a  c'oiuprt'sslon  Into  .sal<l  rxplosloii  rliain- 
bn,  iMiaiis  for  supplying;  a  fuel  into  said  cxpioMion 
clianilxi-.  an  iKnlliiiK  dtvicf  l'o|-  «x|>lo(llnK  a  inix- 
tur<-  of  saiil  IntI  ami  said  air  under  conipicssloii 
and  allowiiiK  tlif  KascH  of  c«)mlivist Ion  In  cxplodi* 
in  said  lii^;h  prfssiirt-  sld«',  iiiul  inoiins  for  con- 
ducting said  yrasrs  aftiT  ixpiinsltm  in  said  hlKl> 
prrssuif  side  over  to  Said  low  prt'ssurr  side  of 
said    power    wIkiI. 

97r..:isM.      x'Acrr.M      (^miux      apparatus. 

Thomas  Bekntson,  Pittsburg,  Pa. 
NOVEMBER   If). 

97r>.3«u;.      VACUUM    CLEANING    APPARATUS. 

FuKiunnr  H.  CornuAX,  New  York,  N.  Y. 
97ri.4tt:5.     AEROI'L.VNE.  John  William  Dunne. 
l^ondon.   EuKliHul. 

97r>.4;?r..  vacuum  cleaxixo  apparatus. 

HlOKMAX    (1.    K«1TTKX.    l<]nj^lewood,    N.    J. 
975.4t>7.  FI.UID-PRKSSUHE        APPLIANCE. 

Thomas  8.  Scott,   rittst)urg.  Pix. 


Ii7r>.!»r.7.         FHIC'lIo.NAL        A  111  <  "<  >M  IMU:S.S(  )K. 

•  'MAItl.KH     AVKKV     .JAglA.     I'ortliUHl.     Illd. 

H7r.,!t!t7.  (M-:n'I"kii'im;al  imimp,  condenser, 

ANI>     ('(  ).MI'KI<:SS()It.        i:i)MtJNi)     Si'oTT     <ill8- 

TAVK   Kkkh.    \\'oi\  I  riianiplon,    l'}iiKlaiid. 
U7«.(m4.      COMPKIOSSi:!  >-,\U:    \VA  TiOU-ELEVA- 

TOK.       EuNicHT    C.    SMrni     and     William    A. 

C^iu'MI'ackkk,  Crntcrvlcw,  Mo. 
!t7().(tSl.      AIIt-IMnUi-'VI.NC,   API'ARA'i'US.  J».MN 

If.    KlNKAI.Y,    l-'ilKllSon,    Mo. 

NOVEMBER  22. 

!>7r..i(;i.    FriViNc.-MAciirNi:.  sh.as  it.  fuknch, 

Ob«-rlln,  Ohio. 

•t7»;.i74.      s'rANi).\Ki>iz[.\(;     dI'IVIce     I'T)r 

(JOVERNOllS.       (".KoiKiK     J.     UiCNUV,     Jit..     San 

l-'ranclsco,   Cal. 
i»7t;.2L'4.      AIIMUIAKIO.      AU(}U8TU8  A.   ST.  Clair, 

Indianapoiis,   Ind. 
;>7t;.24L'.       AQUAKIU.M.       John     F.     Wohi.kaiiut, 

St.   Louis.    Mo. 
lt7(;.2(;S.     APPAKA'I'US  FOR  HURNINCi  CRUDE 

OIL.     Ai.HKHT  R.  KiiNKRL,  I 'a  Icst  iiu',  Tex. 
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975,473.  AIR-PUMP.  GREGORY  J.  Spohrer, 
Franklin.    Pa. 

975.501.  PNEUMATIC-DESPATCH  APPARAT- 
US.    Thomas  Bemis.  Indianapolis,  Ind. 

975.532.  MOTOR  SUCTION-PUMP.  William 
H.  Kjeller.  Philadelphia,  Pa. 

975. 5SS.  PNEUMATIC  SYSTEM  FOR  AUTOMO- 
BILES.    Robert  S.  W^allace,  Fornev,  Tex. 

975.57 S-9.  GLASS-BLOWING  MACHINE.  Wil- 
liam Dayton  Frederick,  Bridgeton,  N.  J. 

975,774.  TIRE-INFLATING  PUMP.  CHARLES 
Lewis,  Auburn,   N.   Y. 

975-7S2.  SAND-BLAST  APPARATUS.  Wil- 
liam P.  :Mott,  Chicago,  111. 

975,891.  HAMMER-DRILL.  William  Prell- 
vrnz,  Easton,  Pa. 

975,903.  PNEUMATIC-DESPATCH-TUBE  AP- 
PARATUS.      Charles    F.    Stoddard,    Boston, 

TVTo  go 

975,905!  HAMMER-DRILL.  Albert  H.  Taylor, 
Easton,  Pa. 


2.  A  crude  oil  burner  comprising  an  elongated 
tubular  mixing  chamber,  a  nozzle  for  compressed 
air  discharging  into  said  chamber  at  one  end,  a 
nozzle  for  crude  oil  under  pressure  discharging 
across  said  air  inlet,  discharge  nozzles  for  the 
mixed  air  and  oil  leading  laterally  from  said 
chamber,  and  needle  valves  in  said  nozzles. 
976,285.    FLUID-PRESSURE-ACTUATED  VISE. 

John  E.   Osmer,  Chicago,  111. 
976,305.    MILKING  MECHANISM.  David  Tcwn- 

SEND  Sharples,  West  Chester,  Pa. 
976,429.       PNEUMATIC      GUN.        AXEL      LiNUS 
Blomen,   Sundyberg,   near  Stockholm,   Sweden. 
976.458.        VALVE-GEAR     FOR     FLUID-PRES- 
SURE   MOTORS.      Charles    Hammen,    Chica- 
go. 111. 
976,494.      VACUUM-SWEEPER.      FRANK  JULIUS 
QuiST  and  Malcolm  Blanch,  Worcester,  Mass. 
976,556.        DEVICE     FOR     ESTABLISHING     A 
PULSING   MOTION    OF   FLUID   IN   CONDU- 
ITS.    GusTAF  Dalen,   Stockholm,   Sweden. 
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1.  In  pulsators  for  milking  machines  operated 
by  pressure,  the  combination  with  a  casing,  of  a 
block  movable  therein  between  two  seats,  two 
conduits  opening  into  the  casing  chamber  above 
the  block,  one  of  said  conduits  opening  through 
one  of  said  seats,  a  piston  connected  with  the 
block  and  movable  in  a  part  of  the  casing  beneath 
the  block,  a  branch  from  one  of  the  conduits, 
opening  into  the  casing  chamber  beneath  the  pis- 
ton, a  transverse  partition  wall  between  the  block 
and  the  piston,  provided  with  the  second  seat 
for  the  block,  and  an  outlet  conduit  opening  in 
the  casing  chamber  between  the  partition  wall 
and  the  piston. 

976,566.       PNEUMATIC     CLEANER.         Elwood 
Gross,   William   E.   Gross  and  Walter  Felter, 

West  Pittston,   Pa. 
976,592.      LIQUID-FUEL     BURNER.         Benton 

Moore,  Cherryvale,  Kans. 

1.  A  liquid  fuel  burner  comprising  a  pan,  an 
air  pipe  discharging  thereinto,  an  oil  pipe  in  the 
air  pipe,  and  discharging  in  the  direction  of  the 


said  chambers  being  provided  with  an  upwardly 
opening  outlet. 
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976,840.  SECTIONAL  PNEUMATIC  TUBE. 
Francis  R.  Baylis,  Lansing,  Mich. 

976,853.  GOVERNING  MECHANISM  FOR 
FLUID-PRESSURE  ENGINES.  Herbert  H. 
Dow,   Midland,   Mich. 

967,873.  AIRSHIP.  Thaddeus  S.  Harris,  Mo- 
desto, 111. 

976,876.  AEROPLANE.  Louis  Adolphe  Hayot, 
Beanvais,   France. 

976,966-7.  METHOD  OF  HEATING  AIR. 
George  Westinghouse,  Pittsburg,  and  Alex- 
ander M.  Gow,  Edgewood,  Park,  Pa. 

976,983.  FLUID-PRESSURE  MOTOR  AND  CON- 
TROLLING MECHANISM  THEREFOR.  Wil- 
liam H.   Cahal,   Chicago,   111. 

976,998.  FLUID-OPERATED  ROTARY-MOVE- 
MENT-REVERSING MECHANISM.  GEORGE 
A.  Fowler,  Denver,  Colo. 
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pan,  a  tube  surrounding  the  discharge  end  of  the 
oil  pipe,  and  a  steam  generator  located  above  the 
pan,  and  connected  to  the  tube. 
976,671.     AIR-BLAST  APPARATUS  FOR  COT- 
TON-GINS.    Osmon  W.  McDonald,  Rising  Star, 

Tex. 
976,688.     BOTTLING-MACHINE.      Anders    An- 
dersen Pindstofte,  Copenhagen,  Denmark. 
976,703.      DRILLING-MACHINE.      Aron   G.    Se- 

BERG  and  Edwin  G.  Seberg,  Racine,  Wis. 
976,744.      PNEUMATIC-DESPATCH-TUBE    AP- 
RATUS.     John  T.  Needham,  New  York,  N.  Y. 
976,781.     APPARATUS  FOR  PRODUCING  CAR- 
BURETED  AIR.      Richard   Busch,   Hanover, 
Germany. 
976,818.  COMPRESSED-AIR  APPARATUS  FOR 
ELEVATING   LIQUIDS.      Louis    S.    Matheus 
and  Charles  Leindecker,  Lawrenceburg,  Ind. 
1.  In  an  apparatus  of  the  character  described, 
the    combination   with   a   stand-pipe,    of    a   com- 
pressed air  inlet  pipe  extending  into  the  stand- 
pipe,   a   plurality  of   chambers,   pipes   connecting 
said   chambers    in    series,    and  a   connection   be- 
tween the  lower  end  of  the  compressed  air  pipe 
and  the  lowermost  one  of  said  chambers,  each  of 


977,110.      PNEUMATIC-DESPATCH-TUBE   AP- 
PARATUS.    James  G.  Maclarbn,  Weehawken, 
N.  J. 
977,160.    PNEUMATIC  SEPARATOR.  Frederick 
A.  Brenner,  Milwaukee,  Wis. 
5.  In  pneumatic  separators,  the  combination  of 
a   forwardly  and   backwardly  reciprocating  suc- 
tion box  provided  with  bottom  openings,  means 
for  creating  suction  from  said  suction  box,  a  ro- 
tatable  roller  located  to  the  rear  of  the  normal 
forward    position    of    the    suction    box,    and    air 
blowing  mechanism  to  the  rear  of  the  roller  and 
constructed  to  direct  blasts  of  air  over  the  roller 
and  toward  the  suction  box,  and  thereby  serve  to 
separate    or    disengage    surplus   sheets    of   paper 
from  the  bottom  of  the  suction  box. 
977,164.         DUPLEX-PRESSURE       STRAIGHT- 
AIR  BRAKE.  Christopher  P.  Cass,  St.  Louis, 
Mo. 
977,208.     METHOD  OP   COMBUSTION   OF   OIL. 
AND  GAS  MIXTURE.     Hudson  Maxim,  New 
York,   N.   Y. 

1.  A  process   of  the  character  described,   con- 
sisting in  superheating  a  moving  body  of  com- 
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mingled  steam  and  oil,   introducing  air  into  said 
moving  body,   subdividing  the  fluid  mixture  into 
a  plurality  of  streams  and  cooling  the  latter  in 
proximity  to   the  zone  of  combustion. 
977,274.     AIR-PUMP.     William   A.   Cook,   New 

York.  N.   Y. 
977,281.    AIR-BRUSH.     Thomas  A.  De  Vilbiss, 

Toledo.   Ohio. 
977,335-6.    MEANS  FOR  FILTERING  AIR  AND 

PRODUCING  OZONE.     Samu'l  C.  Shaffner, 

Chicago.  III. 


ft77.338.  VACUUM-PUMP.  Arthur  H.  Squier, 
Philadelphia.   Pa. 

977,351.  POWER  TIRE-PUMP.  Harold  D. 
Waterhouse,    Wollaston,    Mass. 

977.377.  TRIPLE  AUXILIARY  AIR-VALVE 
FOR  CARBURETERS.  Vincent  H.  Donnel- 
ly, Harry  B.  Koessler  and  Joseph  T.  Wein- 
ziERL,  New  Kensington,  Pa. 

977,380.  VACUUM  DUST-REMOVER.  Charles 
B.  Foster  and  Wilmot  W.  Gliddbn,  Oak  Park, 
111. 
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FIG.     1.       BOTH    PORTALS    OF    TUNNEL    NO.     1. 


THE  SPIRAL  TUNNELS  OF  THE  CANA- 
DIAN   PACIFIC    RAILWAY 

The  completion  of  two  spiral  tunnels  on 
the  Canadian  Pacific  Ry.,  which  are  a  part  of 
the  relocated  line  through  the  Selkirk  Moun- 
tains in  British  Columbia,  eliminates  one  of 
the  steepest  grades  (4.5  per  cent,  compensated) 
on  any  standard  gage  railway.  The  following 
account  of  the  construction  of  these  tunnels 
we  .abstract  from  an  authorized  article  in  a 
recent  issue  of  Engineering-C ontracHng. 

The  tunnels  are  built  on  10°  curves  and  a 
grade  of  2.2  per  cent.,  which,  in  the  tunnels,  is 
reduced  to  0.06'  per  degree  of  curvature  or 
to  a  grade  of  1.6  per  cent.  The  length  of  tun- 
nel No.  I,  is  3,206  ft.  and  the  length  of  No.  2  is 
2,890  ft.  In  section  the  tunnel  is  22  ft.  6  ins.  wide 
and  16  ft.  3  ins.  high  to  the  springing  line,  with 


a  semi-circular  arch  of  11  ft.  3  ins.  radius. 
Where  timbering  was  not  necessary  these  di- 
mensions were  somewhat  less,  but  allowed  for 
the  placing  of  a  future  concrete  lining,  2  ft. 
thick,  as  shown  by  the  section  in  Fig.  3. 

The  tunnels  were  driven  through  crystal- 
lized limestone  which  was  somewhat  uniform' 
in  tunnel  No.  i,  with  a  dip  of  20°  to  the  north- 
east, but  which  in  tunnel  No,  2  was  very  ir- 
regularly stratified.  The  strike,  of  course, 
was  made  at  angles  to  the  face,  as  each  tun- 
nel made  a  turn  of  over  230°.  Work  on  tun- 
nel No.  I  was  commenced  in  January,  1908. 
The  work  on  both  tunnels  was  prosecuted  con- 
tinuously from  that  time  until  June,  1910,  when 
the  tunnels  were  completed.  Tunnel  No.  2 
was  started  a  month  later  and  finished  a  month 
earlier  than  tunnel  No.  i.    An  average  of  176.9 
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ft.  por  month  was  made  on  tunnel  Xo.  i  for 
i8  months,  and  171. 3  ft.  per  month  progress 
was  mailo  on  tunnel  No.  2  for  17  months. 
Each  tunnel  was  worked  with  two  headings. 

It  was  first  intended  to  do  the  mucking  by 
hand  but  after  a  short  trial  it  was  decided  to 
install  four  Marion  shovels  for  this  purpose. 
These  shovels  were  operated  b\'  compressed 
air  and  their  use  necessitated  doubling  the 
compressor  and  boiler  capacity  of  the  plant. 
The  plant  furnishing  compressed  air  and  light 
to  tunnel  No.  i  was  located  near  switch  No. 
3  of  the  old  railway  line  as  shown  by  Fig.  2. 
This  was  about  250  ft.  below  the  elevation  of 
the  tunnel  portal.  The  plant  for  tunnel  No.  2 
was  located  at  the  river  about  1,500  ft.  from 
the  portal.  A  list  of  the  entire  plant  used  is  as 
follows : 

Boilers : 

1  100  hp.    (return   tubular). 

4  80  hp.  Jencks  locomotive  type. 

2  100  hp.  Jencks  locomotive  type. 
I    100  hp.  Brady-]\Iumphard. 

Engines : 

I   Comstock  Climax  engine;  7x10  ins..  25  hp. 

I  Comstock  Climax  engine ;  4x5  ins.,  4  hp. 

I  American  hoisting  engine  with  boiler ;  7x 
10  ins..  2^  hp. 

I  Little  Giant  Hoisting  engine ;  5x7  ins.,  8 
hp. 

Air  Compressors : 

I  Straight  line,  Tngersoll-Sergeant  (24  and 
26^/^x30  ins.)  ;  capacity  1.425  cu.  ft.  free  air 
per  min. 

I  Straight  line,  Ingersoll-Rand  (20  and 
20  X30  ins.)  ;  capacity  1,100  cu.  ft.  free  air  per 
min. 

I  Cross-compound  American-Rand;  air  cyl- 
inders  22  and    13x16  ins.;   steam   cylinders    14 


and  24x16  ins.;  capacity  1,050  cu.  ft.  of  free  air 
per  min. 
Pumps : 

1  Atlantic,  7x4^^x6  ins. 

8  Fairbanks-Morse  duplex;  6  ram  pattern ; 
2  piston  plunger  pattern ;  6x4x6  ins.  to  8x5x12 
ins. 

Generators : 

2  Westinghouse  d.  c.  6  kw.,  125  volts. 

I    General    Electric   d.   c,  25  kw.,  250  volts. 
Drills  and  Shovels : 

22  Cajiadian-Rand    Little   Giant   rock   drills. 

6  Ingersoll-Sergeant   rock  drills. 

4  No.  20  Marion  steam  shovels  (operated  by 
air). 

The  eftect  of  the  6,000  ft.  elevation  above 
sea  level  and  the  cold  winter  was  shown  on 
the  mechanical  equipment.  The  effect  was  in 
the  reduction  of  the  atmospheric  pressure 
about  3  lbs.  per  sq.  in.,  and  a  reduction  of  the 
temperature.  During  very  cold  weather  dif- 
ficulty was  experienced  by  the  freezing  of  the 
moisture  in  the  air  lines.  This  trouble  oc- 
curred where  the  pipes  were  practically  level, 
but  not  inside  the  tunnels.  In  order  to  obviate 
this  difficulty  additional  air.  receivers  were 
placed  in  the  lines,  but  they  served  only  par- 
tially to  overcome  it. 

The  top  heading  and  bench  method  was  used 
in  driving  the  tunnel.  The  heading  included 
the  area  described  by  the  semicircular  arch, 
and  the  bench  included  the  balance  of  the  tun- 
nel section.  Tw-o  shifts  of  10  hours  each  were 
worked  each  day,  with  the  exception  of  the . 
shovel  crews,  who  mucked  their  round.  In 
each  heading  6  to  8  drills  on  four  columns 
were  used,  with  i  driller  and  i  helper  for 
each  drill  used.  Figure  3  shows  the  approxi- 
mate location  of  the  drill  holes  for  both  tim- 
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bered  and  untimbered  sections.  There  were 
two  rows  of  cut  holes  about  12  ft.  deep.  The 
cut  holes  were  from  2  to  3  ft.  from  the  cen- 
ter line  and  were  "cut''  so  as  nearly  to  cross 
the  center  line.  The  location  of  the  side  holes 
was  varied  considerably  according  to  the  char- 
acter  of  the   rock. 


The  bench,  which  was  kept  10  to  12  ft. 
back  from  the  face  of  the  heading,  was  drilled 
with  6  down  holes  sloped  as  shown  by  Fig.  3 ; 
also  a  row  of  6  lifter  holes,  12  ft.  deep,  pointed 
so  as  to  reach  about  i  ft.  below  the  sub-grade. 
The  rock  was  crystallized  limestone  and  very 
brittle.  The  center  line  of  the  tunnel  being,  as 
it  was,  on  a  circular  arc,  the  rock  strata  were 
encountered  at  all  angles  to  the  drill  holes  and 
small  pieces  broke  off  inside  the  holes  and 
jammed  the  bits.  Various  shapes  of  bits  were 
tried,  but  the  use  of  small  pieces  of  iron, 
thrown  into  the  hole,  proved  most  effective. 

The  shovels  were  used  almost  entirely  for 
the  mucking,  with  the  exception  of  sufficiently 
mucking  back  from  the  heading  to  allow  the 
setting  up  of  the  drills,  and  this  was  done  by 
the  drillers  and  helpers. 

The  mucking  was  usually  completed  by  the 
time  the  down  holes  in  the  bench  were  drilled 
and  the  shovel  was  then  moved  back  about  150 
ft.  until  the  lifter  holes  were  drilled  and  all 
holes  were  fired. 

The  cut  holes  were  loaded  for  springing. 
They  were  then  sprung  and  fired.  The  side 
rounds,  the  down  bench  holes,  and  the  lifters 


were  shot  at  one  time.  The  bench,  being  kept 
close  to  the  heading,  allowed  the  muck  to  be 
thrown  down  with  that  from  the  bench.  The 
bench  was  kept  as  nearly  vertical  as  possible. 
The  shovels  were  equipped  with  special 
short  booms  and  dipper  arms,  and  shallow 
dippers  for  rock  work.  They  were  equipped 
for  operation  by  steam,  but  the  boiler  was 
used  as  an  additional  receiver  for  the  com- 
pressed, air.  The  shovels  were  operated  on  a 
track  close  to  one  side  of  the  tunnel  and  each 
was  supported  on  the  inner  side  by  a  jack.  A 
narrow  gage  (2  ft.)  double  track  was  used  for 
the  4-yd.  home-made  dump  cars,  and  this 
track  was  kept  close  up  to  the  shovel.  At  the 
end  of  this  truck,  near  the  bench,  it  merged 
into  a  single  track  used  for  loading.  Cars 
came  in  on  one  track  and  went  out  on  the 
other,  requiring  about  i  minute  for  an  ex- 
change of  single  cars.  '!  he  cars  were  pulled 
up  grade  by  horses  and  ran  down  grade  by 
gravity. 


FIG.    4.       UPPER  PORTAL    NO.    1    TUNNEL. 

About  25  per  cent,  of  the  tunnels  required 
timbering.  When  this  was  done  the  bench 
was  left  about  50  ft.  from  the  heading.  The 
permanent  timber  plates  w^ere  put  in,  each 
segment  was  trimmed  off  and  was  then  lagged 
and  wedged  up.  Before  shooting  the  bench 
the    wall    plate    w-as    securely    blocked    up    and 


5')34 


COMl'RI'.SSia)    A  IK    M\(..\/I.\P:. 


till'  la^t  full  K'ii)^lli  piist  \v;i>  prnttiird  1»\  old 
tiinhriN  l;ii(l  a^aiiist   tlu-  walls. 

\\  lu'ii  a  50-tl.  lii'iii-li  was  usid  tlu-  iniuk 
t'inm  llu-  lioadinv;  had  !•>  I»r  wlutdrd  hark  in 
wJK'oIharrows  and  diimprd  omt  tlu-  hriu-li 
wluTo  it  oonld  hv  haiulK-d  by  the  shovrl.  The 
si/r  nf  the  tinihiT  j^anj^  xaricd  accordiiij^;  to 
the  coiuHtions.  Tart  of  thr  tiinluTiiiK  had  to 
be  kept  close  up  to  tlie  work  to  support  the 
j^roiuid,  hut  for  a  certain  portion  it  was  possi- 
ble to  wait  until  the  e.\oa\ation  had  been 
completed.  In  this  case  a  "jumbo"  car  was 
used  to  facilitate  the  handling  of  timbers  and 
. packinij.  The  timbers  for  the  tunnel  work 
were   cut    trom    the    surroundinj;"   mountains. 

Water  troubles  took  care  of  themselves  in 
the  headings  iioin.u  up  parade,  but  in  the  down 
srade  headinjis  sump  holes  (3x3x3  ft.)  had  to 
be  made.  The  sump  holes  were  excavated 
from  time  to  time  as  the  heading  progressed 
and  the  water  running  into  these  was  kept 
down    by   pumps   operated   In-   compressed   air. 

The  headings  all  closed  within  ^  in.  for 
aiinement  and  the  error  in  closing  the  grades 
was  practically  nothing.  The  contractors  for 
the  entire  work  were  Mcdonnell,  Gzowski  & 
Co.  of  Vancouver,  B.  C.  We  are  indebted  to 
Mr.  C.  S.  Gzowski,  a  member  of  the  firm,  for 
the  information  given. 


THE  UTILIZATION  OF  ATMOSPHERIC 
NITROGEN 

BY    SAUL   DUSHMAN 

During  the  last  few  years  a  large  number  of 
processes  have  been  devised  for  the  utilization 
of  atmospheric  nitrogen.  The  motives  for 
these  processes  have  been  two-fold :  both  in 
fertiliztTs  and  in  explosives  nitrogen  forms 
a  very  important  constituent.  Nitre  or  Chili 
saltpeter  has  been  the  substance  chiefly  used 
for  these  purposes  in  the  past ;  but  the  nitre 
beds  are  gradually  becoming  exhausted,  and 
the  world  has  come  to  realize  that  some  other 
source  of  fertilizers  must  be  sought  for  if  its 
food  supply  is  to  remain  assured.  At  the 
same  time  there  exists  a  continually  increas- 
ing demand  from  the  manufacturers  of  ex- 
plosives,  for  a   concentrated  nitric  acid. 

As  far  back  as  1776,  Cavendish,  the  famous 
English  physicist,  discovered  that  an  electric 
spark  passed  through  a  moist  mixture  of  oxy- 
gen and  nitrogen  produces  nitric  acid,  and  at 
least  three  processes  are  in  commercial  opera- 
tion which  are  based  upon  this  reaction.     In 


tlu'  process  devised  b\  I'iikcland  and  b.ydc  in 
1904,  a  5,000-volt  alternating  current  is  passed 
between  vvater-c(K)le(l  copi)er  electrodes  and,  by 
means  of  a  mannetic  field  at  right  angles  to 
the  latli-r,  tlu-  arc  is  spread  out  into  a  disc 
of  over  two  meters  in  diameter,  thus  causing 
almost  the  wliole  volume  of  air  in  the  furnace 
to  be  raised  instantaneously  to  a  very  high 
temperature.  About  one  per  cent,  of  the  air 
passing  through  the  arc  is  thus  converted  in- 
to oxides  of  nitrogen,  which  arc  then  washed 
out  by  passing  the  gases  from  the  furnaces 
through  a  series  of  towers.  There  is  obtained 
in  this  manner  a  50  per  cent,  nitric  acid, 
which  is  converted  into  calcium  nitrate  by 
neutralizing  with  lime.  The  latter  is  used  as 
a  fertilizer  directly.  The  furnaces  used  by 
Birkeland  and  Eyde  were  originally  of  500  k. 
w.  capacity,  but  subsequently  they  were  re- 
placed by  800  k.  w.  units,  and  at  the  present 
time  it  is  the  intention  to  replace  these  by 
1,600  k.  w.  furnaces.  In  the  first  commercial 
installation  at  Notodden,  Norway,  only  1,500 
k.  w.  was  used;  afterwards  this  was  increased 
to  40,000  k.  w.  During  1908,  the  first  year  of 
operation,  the  total  income  was  $536,000,  and 
the  net  gain,  $134,000.  Plants  have  been  es- 
tablished at  numerous  other  places  in  Nor- 
way, where  water-power  is  available,  and  ac- 
cording to  most  recent  reports  the  Norwegian 
industry  of  manufacturing  air  nitrates  is  un- 
dergoing rapid  extensions  involving  the  ex- 
penditure of  nearly  $15,000,000.  Not  only  cal- 
cium nitrate,  but  also  more  concentrated  nitric 
acid,  nitrate  of  ammonia,  nitrate  of  potash,  as 
well  as  sodium  nitrate  are  being  manufactured 
at  these  plants.  One  of  the  principal  reasons 
for  the  success  of  the  process  in  Norway  is 
undoubtedly  the  small  cost  of  power  which 
is  said  to  be  available  at  about  $5  per  horse- 
power year. 

Another  process  based  upon  the  same  fund- 
amental principle  is  that  developed  very  re- 
cently by  the  Badische  Anilin-und  Soda-Fa- 
brik.  "In  this  process  a  continuous  arc  is 
produced  in  a  long  tube  by  first  bringing  elec- 
trodes together  and  then  gradually  moving 
them  along  the  tube  while  the  other  remains 
fixed  at  one  end  of  the  tube.  The  current  of 
air,  instead  of  being  passed  through  this  arc, 
is  passed  around  it  through  the  tube  by  being 
forced  in  at  an  angle  to  the  main  axis  of  the 
tube.  It  is  said  that  the  arcs  used  in  this 
process  vary  from  35  to  50  feet  or  more  in 
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length,  and  are  maintained  continuously  for 
days  or  even  months  at  a  time." 

Besides  these  two  processes  which  are  both 
in  successful  commercial  operation,  there  is  a 
third  process  for  the  oxidation  of  atmospheric 
nitrogen  which  has  been  devised  by  H.  and 
G.  Pauling,  and  is  working  on  a  large  scale 
near  Innsbruck  in  Tyrol.  The  electrodes  are 
curved  like  the  electrodes  of  the  so-called 
horn  lightning  arresters.  The  arc  is  started 
at  the  narrowest  part  between  the  electrodes 
by  means  of  a  special  lighting  device.  The 
air  current  passed  through  the  arc  blows  it 
out  to  a  considerable  distance  and  thus  in- 
creases the  volume  of  air  heated  to  the  ex- 
tremely high  temperature  at  which  combina- 
tion occurs.  "The  twenty-four  furnaces  at 
present  installed  in  this  plant  have  a  total  ca- 
pacity of  15,000  h.  p.  Two  other  plants,  each 
of  10,000  h.  p.,  for  carrying  out  the  same  pro- 
cess, are  in  course  of  erection,  one  in  South- 
ern France,  and  the  other  in  Northern  Italy." 

The  process  of  Frank  and  Caro  for  the 
utilization  of  atmospheric  nitrogen  is  totally 
different  from  any  of  the  above  methods.  Ni- 
trogen is  passed  over  heated  calcium  carbide 
and  the  result  is  the  formation  of  a  substance 
having  the  formula  CaCN^  and  known  as 
cyanamide.  Investigations  at  numerous  agri- 
cultural stations  have  shown  that  it  can  be 
successfully  used  as  a  fertilizer,  and  accord- 
ingly a  large  number  of  plants  are  being 
erected  both  in  Europe  and  America  for  its 
production.  The  United  States  Cyanamide 
Company  has  a  5,000-tons  works  at  Niagara 
Falls,  Ontario,  and  is  also  building  another 
plant  in  Tennessee.  Cyanamide  is  also  of  in- 
terest on  account  of  the  number  of  interest- 
ing derivatives  which  it  is  capable  of  yielding 
when  treated  with  different  reagents.  An  im- 
portant reaction  is  that  with  steam,  leading  to 
the  formation  of  ammonia,  which  may  be  sub- 
sequently converted  into  ammonium  sulphate. 

Still  another  method  for  the  utilization 
of  atmospheric  nitrogen  has  been  de- 
vised recently  by  F.  Haber  and  patented  by 
the  Badische  Anilin-und  Soda-Fabrik.  A  mix- 
ture of  nitrogen  and  hydrogen  in  the  required 
proportions  is  maintained  at  a  constant  high 
pressure  and  heated  in  presence  of  a  catalytic 
reagent  (such  as  finely  divided  iron  or  os- 
mium) to  a  temperature  which  varies  be- 
tween 400  degrees  and  800  degrees  C.  Only 
about  8  per  cent,  of  the  mixture  is  converted 
into  ammonia,  but  the  power  necessary  for  the 


compression  and  circulation  of  the  resulting 
gases  is  very  small,  and  it  appears  very  likely 
that  in  the  near  future  this  process  will  be 
exploited  industrially. — Eng.  Soc.  University 
of  Toronto. 


PROGRESSIVE  AIR  BRAKE  REQUIRE- 
MENTS 

In  a  paper  before  the  Franklin  Institute  on 
Air  Brakes  Mr.  Walter  V.  Turner,  chief  engi- 
neer of  the  Westinghouse  Air  Brake  Co.,  said, 
as  one  of  many  topics  spoken  of,  that  facilities 
for  controlling  railroad  trains  have  not  ad- 
vanced relatively  as  have  the  requirements, 
and  that,  as  a  mattter  of  fact,  the  brake  has 
not  kept  pace  with  the  developments  in  loco- 
motion. Even  the  most  efficient  brake  of  to- 
day is,  at  its  best,  not  able  to  control  and  stop 
a  train  in  as  short  a  distance  as  when  the 
weight  and  length  of  the  train  was  less  than 
one-fourth  of  what  it  now  is.  That  the  stop- 
ping distances  of  modern  heavy  high-speed 
trains  are  not  longer  than  they  are,  is  a  source 
of  gratification  when  it  is  considered  that  the 
length  of  the  train  and  the  volume  of  air  to  be 
handled  in  controlling  the  train  have  rendered 
the  problem  vastly  more  difficult,  so  far  as 
service  control  is  concerned,  and  the  increase 
in  weight  and  speeds  is  such  as  would  require 
at  least  twice  the  distance  in  which  to  stop 
modern  high-speed  passenger  trains,  if  the  old 
type  of  brake  had  to  be  used. 

In  one  of  the  earliest  brake  trials  in  the 
history  of  continuous  brake,  made  on  the 
Midland  Railroad  near  Newark,  England,  in 
1875,  a  stop  was  made  from  53  miles  per  hour 
(the  highest  that  could  be  obtained)  in  18 
seconds.  [In  this  time  the  train  at  full  speed 
would  have  run  a  little  over  a  quarter  of  a 
mile,  but  the  actual  distance  before  complete 
stoppage  would,  of  course,  be  considerably  less 
than  this  on  account  of  the  gradually  diminish- 
ing speed. — Ed.  C.  A.  M.]  This  corresponds 
to  15.5  foot-tons  of  work  per  brake  shoe  per 
second.  To  stop  a  modern  train  of  heavy 
Pullman  cars  from  a  speed  of,  say,  75  miles 
per  hour  (which  can  be  obtained  under  favor- 
able conditions)  in  the  same  time,  namely,  18 
seconds,  would  require  about  4^  times  as 
much  work  per  brake  shoe  per  second  as  in  the 
case  of  the  Midland  Railway  train.  The  tre- 
mendous significance  of  this  increase  in  power 
demanded  is  but  one  aspect  of  the  question  and 
is  mentioned  simply  to  indicate  the  nature  of 
the  problem  which  m  ^st  be  solved. 
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HUMPHREY  INTERNAL  COMBUSTION 
PUMP  AND  AIR  COMPRESSOR 

Tlic  following  description  of  the  liuniphrcy 
pump  aiul  air  compressor  is  from  a  paper  by 
its  inventor,  Mr.  11.  A,  llnmphrey,  before  the 
Manchester    (ICng.)    Association  of   ICngincers. 

The  simplest  form  of  Humphrey  pump  is 
shown  in  Fxi;;.  i.  Imagine  a  charjj^e  of  gas  and 
air  to  he  coniprrsM-d  in  the  top  of  clKuuber  C 
and  tired  by  a  sparking  plug  projecting  through 
the  top  casting.  All  valves  are  closed  when 
the  explosion  occurs  and  the  increase  in  pres- 
sure drives  the  water  downwards  in  C,  setting 
the  whole  cohunn  of  water  in  the  discharge 
pipe  n  in  motion.  The  column  attains  kinetic 
energy  while  work  is  being  done  on  it  by  the 
expanding  gases,  and  may  move  with  consider- 
able velocity  when  these  have  reached  atmos- 
pheric pressure.  The  motion  of  the  water  col- 
umn cannot  be  suddenly  arrested,  hence  the 
pressure  in  the  combustion  chamber  C  tends 
to  fall  below  that  of  the  atmosphere,  the  ex- 
haust valve  E  opens,  and  also  the  water  valves 
VV  in  the  supply  tank  ST.  Water  rushes  in 
through  VV  mostly  to  follow  the  moving  col- 
umn in  pipe  D,  but  partly  to  rise  in  C  in  an 
effort  to  reach  the  same  level  inside  the  cham- 
ber as  exists  in  ST. 

When  the  kinetic  energy-  of  the  moving  col- 
umn has  expended  itself  by  forcing  water  into 
the  high-level  tank  ET  it  comes  to  rest,  and 
there  being  nothing  to  prevent  a  return  flow, 
the  column  starts  to  move  back  towards  the 
pump,  and  gains  velocity  until  the  water 
reaches  the  level  of  the  exhaust  valve,  which 
it  shuts  by  impact.  A  certain  quantity  of 
burnt  products  is  now  imprisoned  in  the 
cushion  space  F,  and  the  energy  of  the  moving 
col'imn  is  expended  in  compressing  this  gas 
cushion  to  a  greater  pressure  than  that  due  to 
the  static  head  of  the  water  in  tank  ET, 
Hence  a  second  outward  movement  of  the  col- 
umn results,  and  when  the  water  reaches  the 
level  of  valve  E  the  pressure  of  the  space  F  is 
again  atmospheric,  and  further  movement  of 
the  water  opens  valve  A  against  a  light  spring, 
ard  draws  in  a  fresh  charge  of  gas  and  air.  If 
there  were  no  friction,  the  water  would  fall  to 
the  same  level  as  that  from  which  the  last  up- 
ward motion  started,  but  the  amount  of  com- 
bustible charge  drawn  in  is  slightly  less  than 
this  movement  would  represent.  Once  more 
the  column  of  water  returns  under  the  ele- 
vated tank  pressure,  and  compresses  the  charge 


of  gas  and  air,  winch  is  iluii  iKnUrd  U)  start  a 
fresh  cycle  of  operations. 

Tlu-  action  of  tli<-  pump  is  not  altered  if, 
instead  of  (kli\iring  intt)  an  elevated  tank,  it 
discharges  into  an  air  vessel,  or  into  an  open- 
top  standpijx'  (ir  towir,  and  both  these  ar- 
rangements Aiv  usrtul  if  a  continuous  flow 
from   the  outlet  is  desired. 

In  the  simple  form  of  i)nnip  the  degree  of 
compression  of  the  combustible  charge  prior 
to  ignition  depends  on  the  height  to  which  the 
water  is  raised,  and  exceeds  the  static  equiva- 
lent of  the  head.  This  is  obvious  if  one  re- 
members that  the  kinetic  energy  acquired  by 
the  li(iuid  column  on  its  return  flow  is  utilized 
in  compressing  the  combustible  gas,  while  the 
compression   brings   the  column  to  rest. 

The  same  considerations  enter  into  the  ques- 
tion of  the  cushion  pressure  attained,  but  here 
we  are  dealing  with  the  compression  of  a  vol- 
ume of  gaseous  fluid  which  occupies  the  clear- 
ance space  only,  and  the  stroke  of  the  water 
column  is  greater  in  proportion,  because  for 
the  first  part  of  the  stroke  exhaust  products 
are  being  expelled,  and  no  compression  occurs. 
The  cushion  pressure  rises  rapidly  as  the 
height  to  which  the  water  is  lifted  increases, 
and  at  the  maximum  lift  of  about  40  ft.  to 
which  the  simplest  type  of  pump  is  limited,  it 
may  exceed  the  explosion  pressure  when  using 
producer-gas,  or  may  approximately  equal  the 
explosion  pressure  when  working  with  city 
gas  or  gasoline. 

A  Humphrey  pump  was  exhibited  in  opera- 
tion at  the  Brussels  International  Exhibition, 
and  obtained  two  "highest  possible"  awards — 
namely,  a  Grand  Prix  in  the  class  for  gas- 
engines,  and  a  Grand  Prix  in  the  class  for 
pumps.  Its  construction  is  similar  to  that  in 
Fig.  I,  and  explanation  is  not  needed  till  we 
come  to  the  valve  gear  shown  in  Figs.  2  and  3. 
It  will  be  observed  that  a  bolt  B  sliding  hori- 
zontally must  lock  either  the  admission-valve 
A  or  the  exhaust-valve  E  by  engaging  under 
collars  a  or  e,  which  are  fixed  on  the  stems  of 
their  respective  valves.  Now  the  bolt  is  urged 
right  or  left,  according  to  whether  spring  s^  or 
So  is  pulling  the  hardest,  and  this  again  de- 
pends on  whether  the  link  I,  to  which  the 
springs  are  attached,  has  been  shifted  to  the 
right  or  left.  Suppose  the  exhaust-valve  open- 
ed last,  then  its  washer  m,  engaging  against 
cam  arm  p,  moves  the  system  p,  I,  q,  so  that  it 
leans  to  the  right,  in  which  position  it  is  re- 
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tained  by  the  tension  of  spring  ^3,     This  puts  upon  collar  e.     However,  when  valve  E  comes 

tension  on  spring  ^^  and  loosens  spring  ^"2;  bolt  on   its   seat   the   bolt   instantly   locks   under   e, 

B,   therefore,   tries   to   move   to   the   right,  but  and  the  same  motion  which  holds  valve  E  shut 

until  the  exhaust-valve  shuts  it  can  only  press  has  released  valve  A,  so  that  next  time  a  sue- 
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tuMi  occiiiN  ill  ilu'  ctiiulmsiioii  (.liMiiiliir,  .\  only 
iMii  ti|)rn.  rrc(.i>olv  llit-  .same  kind  ul  action 
fKCurs  when  A  slmts  and  is  lixkcd  and  E  is 
ri'k'ast'd  again.  Thns  valves  A  and  1'"  arc  anlo- 
niatically  alK>\vcd  tn  act  alternately,  the  difTer- 
iiice  iKtweeii  them  heiiii;  that  while  h.  remain.s 
open  till  >luii  h\  the  riMiig  water,  A  .slmts  mi- 
der  the  action  i^i  its  snpportin.n  spring,  so  soon 
as  the  .snctinn  m  llu-  chamher  permits  the 
spring  to  lilt   the  \al\i'  to  its  seat. 

The  sca\  enging-\al\  e  \'  is  shown  in  the 
plan  of  the  CDUihustion-head,  l-'ig.  j,,  and  as  it 
operates  at  the  end  of  each  expansion  stroke, 
its  Kicking"  and  release  periods  corres])oiid  with 
those  of  the  exhanst-xalve,  and  are  made  sim- 
nltaneons  by  a  lever  pivoted  at  K.  and  oper- 
ated hy  a  pin  on  the  holt  H.  If  the  water  could 
rush  in  fast  enough  when  the  pressure  falls  to 
atmosphere,  there  would  be  no  scaxeiiging  ac- 
tion ;  but  the  incoming  w  aler  has  to  be  ac- 
celerateil.  and  that  just  gives  rise  to  a  sufficient 
suction  to  etiect  the  desired  scavenging.  In 
the  exhaust  outlet  there  is  a  light  non-return 
valve,  to  pre\ent  burnt  products  being  drawn 
back  into  the  chamber. 

Figs.  4  and  5  show  alternative  arrangements 
of   the   top  of  the  combustion  chamber   for   a 
two-cycle  pump  requiring  no  valve  gear.     The 
combustion  chamber  has  to  be  specially  shaped, 
so    that    the    incoming   charge,   which    may   be 
preceded  by  pure  air,  displaces  the  burnt  pro- 
ducts and  mixes  as  little  as  possible  with  them. 
Thus,  in   Fig.  4,   A   is  the  admission   valve  at 
the  top  of  the  tall,  narrow  part  of  the  chamber 
B,   in   which   the   full   charge   volume   extends 
down   to  the  level  cc.     A  number  of  exhaust 
valves  E  lead  to  a  common  exhaust  outlet  O, 
which  may  be  fitted  with  a  non-return  valve, 
or  each  exhaust  valve  may  carry  a  light  non- 
return   valve   on    its    spindle,   as    shown.      The 
level  at  which  expansion  reaches  atmospheric 
pressures  is,  say,  //,  but  this  level  having  been 
reached    by   the    water,    its    further    movement 
draws  in  fresh  combustible  mixture  till  it  oc- 
cupies  the    space   down   to   cc,  and   the   liquid 
level  has  fallen  to  gg.     The  column  of  liquid 
now  returns  and  drives  the  exhaust  products 
through   the   valves   E — which   had   opened   by 
their  own  weight — until  these  valves  are  .^hut 
by  the  water.     The  kinetic  energy  acquired  by 
the   column   is  now   spent   in   compressing  the 
fresh  charge,  which  is  ignited  to  start  a  new- 
cycle.      Thus,    each    outstroke    is    a    working 


stroke,  and  no  locking  gear  is  re(|uirc(l  on  the 
\  alves. 

The  same  cycle  ai)plics  to  Fig.  5,  but  in  thi.s 
case  there  is  a  series  of  admission  valves 
l)laeed  in  a  ring  so  as  to  allow  the  mixture  to 
enter  with  a  low  velocity  in  order  to  prevent 
eddies  and  mixing  with  the  exhaust  i)ro(hicts. 
A  higher  compression  pressure  is  obtained 
with  this  ])iinii)  than  with  the  simpK'  pump,  and 
conse(|uentl\  higher  elilicicncies  with  the  same 
lift. 

big.  ()  shows  the  arrangement  of  a  double- 
barrel  pump,  which  has  two  combustion  cham- 
bers. .\  and  1').  in  which  explosion  occurs  al- 
ternately. .\ii\  llumphrey  pump,  whether  sin- 
gle or  double  barrel.  nia>'  be  converted  into 
a  high-lift  pump  by  means  of  an  air-vessel 
tilted  with  valves,  and  called  an  "intensifier." 
The  idea  is  to  first  allow  the  water-column  to 
gain  velocity,  and  then  to  utilize  its  kinetic 
energy  to  (a)  compress  an  elastic  fluid,  and 
(b)  deliver  water  under  the  pressure  to  which 
the  elastic  fluid  has  been  compressed. 

In  Fig.  6,  A  and  B  are  the  barrels  of  a  two- 
barrel  pump,  and  at  the  end  of  the  play-pipe  D 
there  are  two  air-vessels  E  and  F,  the  latter 
being  large  enough  to  give  a  continuous  flow 
at  outlet  O,  and  to  maintain  a  practically  uni- 
form   pressure.      The    smaller   air-vessel    E   is 
fitted    with   a    downwardly  projecting  pipe   K, 
open  to  the  atmosphere  at  the  top,  and  carry- 
ing a  valve  L  at  its  lower  extremity,  arranged 
to  close  under  the  action  of  the  rising  water. 
The  cycle  starts  with  explosion,  all  valves  ex- 
cept   L    being    .shut,    and    the    water    level    as 
shown.     While  the  water  level  in  E  is  rising 
to  L,  air  is  merely  being  discharged  into  the 
atmosphere,  and  as  no  work  is  being  done  by 
the  column  of  water,  it  gains  speed  until  valve 
L  is  shut  by  impact.     Imprisoned  in  E  there  is 
now  a   definite  quantity  of   air,   which   sufTers 
compression  until  its  pressure  reaches  that  at 
which    the   high-pressure   w^ater-valves   W   can 
open,  and  allow-  the  remaining  kinetic  energy 
of  the  column  to  force  water  into  F.     Valves 
W  close  when  the  column  comes  to  rest,  but 
there  remains  enough  energy  in  the  compress- 
ed air  in  E  to  give,  by  expansion,  the  return 
flow,  which  causes  exhaust  in  A  and  compres- 
sion of  the  fresh  charge  in  B  to  start  a  fresh 
cycle.     When  the  water  level  falls  below  valve 
L  this  valve  opens,  and  air  is  admitted  into  E 
for  the  rest  of  the  return  stroke. 
Now  it  is  easy  to  see  that  if  the  pipe  K  is 
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made  vertically  adjustable  with  regard  to  E, 
the  point  of  the  cyle  at  which  L  shuts  can  be 
varied,  and  more  or  less  air  entrapped  in  E  at 
will.  But  the  amount  of  energy  stored  in  this 
air  will  also  vary  with  its  quantity,  for  we  as- 
sume that  the  degree  of  compression  remains 
constant,  and  is  indeed  fixed  by  the  pressure 
maintained  in  F.  Consequently  the  ratio  of 
the  total  energy  of  the  working  stroke  to  the 
energy  stored  in  the  compressed  air  in  E  can 
be  made  .anything  desired,  or,  in  other  words, 
we  can  obtain  any  compression  pressure  of 
the  new  charge  in  B  which  we  like,  and  this 
independent  of  the  water  lift.  The  advantage 
is  obvious,  for  compression  pressures  equal  to 
those  in  modern  gas-engines  can  be  employed 
with  a  corresponding  increase  in  thermal  effi- 
ciency. Further,  by  manipulating  the  position 
of  pipe  K  a  given  pump  can  be  made  to  meet 
.any  conditions  as  to  height  of  lift,  for  if  the 
lift  increases  K  can  be  raised,  so  that  the  en- 
ergy stored  in  the  air  in  E  remains  the  same, 
there  being  now  less  air,  but  at  a  higher  pres- 
sure. 

An  important  development  of  the  arrange- 
ment is  shown  in  Fig.  6,  and  notice  is  directed 
to  the  fact  that  at  each  cycle  air  is  drawn  into, 
and  rejected  from  the  vessel  E.  Let  us  sup- 
pose K  to  be  connected  to  a  supply  of  combus- 
tible mixture  instead  of  opening  into  the  at- 
mosphere, we  shall  then  have  an  automatic 
pump  for  taking  in  mixture  and  discharging' 
it  under  pressure.  If  the  discharge  is  into  a 
reservoir  from  which  combustion  chambers  A 
and  B  can  be  supplied,  we  have  at  once  a 
means  of  quickening  the  cycles  and  greatly  in- 
creasing the  output  of  a  given  size  apparatus. 
It  is  convenient  to  replace  vessel  E  by  two  ves- 
sels, one  for  air  and  one  for  gas,  so  as  to  main- 
tain the  combustible  constituents  separate  un- 
til they  enter  the  combustion-chambers.  II 
the  first  portion  of  the  out-stroke  of  the  water 
column  is  allowed  to  reject  the  surplus  air 
and  gas  back  to  the  sources  of  supply,  then 
the  action  throughout  the  cycle  is  precisely 
that  described  when  using  the  single  vessel  E, 
except  that  a  larger  proportion  of  the  total 
energy  is  absorbed  in  the  compression  of  air 
and  gas,  but  the  excess  is  given  out  again  dur- 
ing the  expansion  of  the  pre-compressed 
charge  in  either  A  or  B.  The  chief  advantage 
arises  from  the  more  rapid  working,  as  there 
is  no  longer  any  need  to  wait  for  the  water- 
level  in  A  or  B   to   fall  under  the   action   of 


gravity  when  the  charge  is  being  taken  in. 
In  fact,  the  apparatus  becomes  practically  in- 
dependent of  the  water-level  on  the  supply 
side.  The  lOOO-H.P.  Humphrey  pump  now  un- 
der construction  in  Germany  will  operate  in 
the  manner  just  described,  the  result  being 
that  the  dimensions  are  very  moderate,  and 
the  pump  itself  occupies  no  more  space  than 
a   lOOO-H.P.  tandem  gas-engine. 

If  the  column  of  water  oscillating  in  the 
pla3^-pipe  of  a  Humphrey  pump  is  used  as  a 
water  piston,  and  caused  tb  rise  and  fall  in 
an  air  vessel  fitted  with  suitable  valves  for  the 
inlet  and  outlet  of  air,  the  combination  con- 
stitutes an  air-compressor  of  .a  very  efficient 
type  and  promising  many  advantages.  Take 
the  case  of  a  single-barrel  pump  and  a  single 
air  vessel,  shown  in  Fig.  7.  The  cycle,  which 
may  take  two  seconds  to  accomplish,  is  as  fol- 
lows : 

Air    Compressor 
Pump    Chamber.  Chamber. 

A.  C.         .       . 

1st  out-stroke.  Expansion  to  atmo-  Expulsion-,  .of  air  till 
sphere.  Intake  of  water  shuts  valve  s. 
scavenging   air.  Compression  and  dis- 

c  h^  r  g  e      of      cpth- 
pressed  air  till  water 
shuts  valve  g.  Cush- 
ion till  water  comes 
to   rest. 
1st  in-stroke.       Exhaust     till     water    Expansion  of  cushion 
shuts      valve      e.      to    atmosphere.       In- 
Cushion    till    water      take  of  fresh,  air. 
comes   to   rest, 
2nd  out-stroke.    Expansion    of    cush-    Compression     of     air, 
ion    to    atmosphere.      but  not  sufficient  for 
Intake   of   combust-      futther    delivery, 
ible    charge    in    ex- 
cess. 
2nd  in-stroke.     Rejection      of      sur-    Expansion     of      corn- 
plus     charge     till      pressed  air. 
water     shuts     valve 
r.     Ccmpression   of 
charge      till      water 
comes    to    rest. 

The  flexibility  of  the  air-compressor  can 
now  be  studied.  To  begin  with  the  pump  side, 
the  level  of  the  inlet  valve  e,  .and  the  rejected- 
charge  r,  are  assumed  to  be  variable,  although 
Fig.  7,  being  merely  a  diagram,  does  not  show 
how  the  pipes  carrying  these  valves  are  moved 
vertically.  As  the  level  of  these  two  valves 
controls  the  amount  of  charge  ignited  at  each 
cycle,  and  the  .amount  of  the  cushion  space, 
their  regulation  is  all  that  is  required  to  in- 
crease or  diminish  the  energy  developed  per 
working  stroke.  On  the  compressor  side  the 
position  of  the  valves  g  and  s  controls  the 
cycle  of  operations  on  this  side  of  the  appar- 
atus, and  renders  it  possible  to  compress  a 
large  volume  of  air  to  a  low  pressure,  or  a 
smaller  volume  of  air  to  a  high  pressure,  or  to 
make  any  intermediate  changes  which  may  be 
desired. 
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I  luis    all    lllr    i< 'llditinij^    of   output.    Up    to    tllC 

full  liuiit  oi  tin.'  couiprcssor.  uia\  be  guvcrni-J 
;:t  will,  aiul  for  all  raugis  the  coniprt-ssioii 
pressure  oi  the  uew  eliarge  may  be  kept  up  to 
the  reipiireil  decree,  so  tliat  the  apparatus 
works  at  its  UKixitiiiun  eftieicuey  ihrouj^jliout 
the  whole  raii^e.  The  aiuouut  of  water 
which  oscillates  betwien  the  chauibers  should 
theoretically  be  altered  aloiij;  with  the  total 
ca|)acity  per  working;  cycle,  but  the  reason  for 
tliis  is  UK  rely  to  prevent  the  last  portion  of 
eacii  down  stroke  frotn  bein^  wasted  by  taking 
in  surplus  cmnbustible  mixture  in  one  cham- 
ber, or  siu-plus  air  in  the  other  chamber,  to  an 
undue  exieiit.  If  the  surplus  of  the  combusti- 
ble mixture  is  uimecessarily  large,  the  ex- 
tra amount  rejected  will  increase  the  pressure 
in  the  reservoir  X.  and  this  increase  of  pres- 
sure tnay  be  made  to  automatically  govern  a 
water  supply,  and  so  bring  up  the  total  volume 
of  reciprocating  water,  or  to  allow  part  of  the 
water  already  in  the  apparatus  to  escape,  so 
as  just  to  keep  a  small  amount  of  excess 
charge  for  each  cycle,  no  matter  what  may  be 
the  output  of  the  pump. 


THE  TURBOCOMPRESSOR 

The  turboblower  and  turbocompressor,  is  a 
suitable  machine  for  exhausting  or  compress- 
ing large  volumes  of  air  or  gas.  Although 
only  a  short  time  ago  it  was  usually  consid- 
ered to  be  impossible  to  make  a  commercially 
efficient  and  serviceable  blower  of  this  type 
for  any  but  the  lowest  pressures,  it  is  claimed 
that  even  at  pressures  as  high  as  150  pounds 
per  square  inch  the  new^  type  of  turbocompres- 
sor is  at  the  very  least  equal  in  thermal  and 
mechanical  efficiency  to  the  best  kind  of  re 
ciprocating  air  compressor,  w^hilst  from  a  com- 
mercial point  of  view,  the  turboblowers  or 
compressors  are  often  preferable  on  account 
of  advantages  attainable  through  their  in- 
troduction. The  following  are  some  of  these 
advantages : 

1.  The  turboblowers  and  compressors  de- 
liver a  steady  (non-pulsating)  current  of  air  or 
gas. 

2.  They  run  practically  without  noise  at 
all  loads. 

3.  They  are  simple  in  construction,  have 
all  parts  easily  accessible,  and  are  reliable  in 
action. 

4.  They  not  only  require  very  little  attend- 
ance  and   lubrication   when    at  work,   but   rel- 


atively speaking,  ;i  niininumi  of  .space  for  their 
accommodation. 

5.  They  recpiire  a  minimimi  of  power  to 
drive;  they  are  also  e.isily  governed  through 
a  wide  range  of  variation  of  speed,  without 
materially  affect ing  their  economy. 

(k  They  are  jjcrfectly  balanced  both  dy- 
namically and   in   respect  of  axial  thrust. 


FIG.     1. 

As  already  stated,  turboblowers  are  adopted 
for  a  variety  of  purposes.  It  is  possible  they 
are  preferable  to  reciprocating  engines  in  all 
cases  where  the  volume  of  the  air  or  gas  to  be 
handled  is  sufficiently  great,  quite  irrespective 
of  whether  they  are  required  to  produce  a  rise 
of  pressure  or  a  partial  vacuum.  The  turbo 
compressor,  in  a  like  manner,  is  suitable  for  all 
pressures   up   to    120  pounds  per   square  inch, 


FIG.     2. 

if  the  volume  of  gas  or  air  to  be  handled  is 
sufficiently  large.  Both  the  blowers  and  com- 
pressors are  suited  for  direct  coupling  to 
steam  turbines,  but  they  may  equally  well  be 
driven  by  electromotors  of  suitable  size  and 
speed. 

The  impeller  shown  in  Fig.  i  is  similar  in 
design  and  detail,  whether  intended  for  a 
blower  or  for  a  compressor.  To  avoid  the 
high  stresses  to  which  it  is  subjected  the  im- 
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end  and  intermediate  parts  of  the  casing  over- 
hang the  bedplate,  but  arc  well  connected  to 
the  inlet  cover  by  vertical,  cylindrical,  spigot, 
and  faucet  joints.  The  general  design  is 
such  that  all  parts  of  the  blower  are  easily 
reached  for  examination  or  adjustment. 

In  the  case  of  the  turbocompressors,  the 
same  general  principles  of  design  are  followed. 
As,  however,  a  compressor  is  usually  of  con- 
^  siderably  greater  length  than  a  blower,  the 
two  bearings  of  the  former,  situated  one  at 
each  end  of  the  machine,  are  designed  to  sup- 
port the  casing  as  well  as  the  rotor  at  both 
ends.  Here,  too,  on  account  of  the  greater 
length  of  the  unit,  although  the  vertical  divi- 
sions of  the  casing  are  maintained,  a  further 
horizontal  division  is  introduced,  as  shown 
in   Fig.   4,   so   that,    after   removing  the   upper 


FIG.    4.    SECTIONAL  ELEVATION   OF   FIVE   CYLINDER   TURBOCOMPRESSOR. 


peller  is  built  up  of  those  materials  which  are 
most  suitable  for  the  various  parts  of  the 
wheel.  Thus,  the  bosses  are  steel  castings, 
whilst  the  cheeks  are  of  special  steel  plates. 
The  latter,  as  shown  in  Fig.  2,  are  conical  in 
cross-section,  and  attached  to  the  boss  in  such 
a  manner  as  to  allow  free  expansion  of  both 
cheeks  under  the  influence  of  centrifugal  force. 
As  a  result'  of  this  construction,  the  impeller 
runs  true  and  steady  at  all  speeds,  .and  per- 
mits of  the  running  clearances  being  reduced 
to  a  minimum,  with  the  result  that  internal  cir- 
culating losses  are  small. 

The  housings  of  these  turboblowers  and 
compressors  are  respectively  designed  to  suit 
the  requirements  of  the  two  types  of  ma- 
chine. In  both  cases  the  housing  is  fixed  at 
one  (the  driving)  end  only,  and  is  free  to 
move  with  variations  of  temperature  at  the 
other. 

In  the  turboblower  shown  in  Fig.  3  the  in- 
let cover  is  provided  with  substantial  feet  sol- 
idly connected  to  the  bedplate.     The  pressure 


half  of  the  housing,  each  impeller  and  its 
corresponding  part  of  the  casing  are  freely  ac- 
cessible for  inspection. 

The  ease  with  which  air  may  be  cooled 
whilst  being  compressed  in  a  turbocompressor 
is  to  no  small  extent  answerable  for  the  good 
efficiency  of  the  unit.  When  reciprocating  en- 
gines are  employed,  the  effect  of  water-jackets 
decreases  as  the  cylinder  volume  increases; 
for  which  reason,  if  low  final  temperatures  are 
to  be  obtained,  multistage  compressors  must  be 
resorted  to  and  intermediate  coolers  employed. 
In  the  case  of  turbo  machinery,  the  form  of 
the  housing  and  the  condition  in  which  the 
air  or  gas  passes  through  the  machine  are 
both  favorable  to  the  efficient  use  of  water- 
jackets.  The  rise  of  temperature  can  there- 
fore be  reduced  to  a  minimum. 

The  easy  and  economical  method  of  regu- 
lating the  delivery  and  pressure  of  these  blow- 
ers compares  favorably  with  the  methods — 
such  as  by-pass  mains  and  variable  clearance 
volumes,    etc. — necessary   with    some   types    of 
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Mdwiiiji  inai-liiiuTv.  hiliM'iy  \olmiu-,  pii'S- 
siirc,  ami  rotary  .spt't'il  \ary,  as  is  the  case 
with  cintrifuual  pumps,  in  fixed  propt>rtion  to 
one  another;  eonsecpienlly,  dehvery  vohnne 
ami  piessurr  may  he  ehaii^ed  l)>  dimply  \ar\ 
inu  the  miary  s|)i'cd.  At  constant  speed,  V(d- 
nnie  and  pressure  nia>  he  \arievl  hy  adjusting 
the  rei^nlatin^  \al\e  usnall\  situated  in  the 
suction  main,  liy  this  means  the  (Ulivery  v(d- 
ume  may  he  varied  l)el\veen  its  maxinnun  val- 
ue and  zero,  the  power  consumed  falling  with 
the   reduction   of  volume,  while  the  efficiency, 


FIG.     5. 

5S  shown  in  the  curve,  Fig.  5,  is  but  sHghtly  af- 
fected, even  by  comparatively  large  changes  of 
volume. 

If  turbocompressors  are  directly  coupled  to 
steam  turbines,  a  pressure-regulating  device 
can  be  made  to  govern  the  speed  of  the  turbine 
in  such  a  way  a?  to  maintain  a  constant  air  or 
gas  pressure  in  spite  of  variations  of  delivered 
volume.  The  high  efficiency  already  obtained 
(78  per  cent.)  as  referred  to  adiabatic  com- 
pression, places  these  turboblowers  very  favor- 
ably in  comparison  with  the  best  reciprocating 
blowing  engines. 


An  apparatus  known  as  a  solar  smelter 
has  been  erected  outside  Johannesburg  in 
South  Africa,  whose  object  is  to  smelt  cop- 
per, tin,  iron,  etc.,  direct  out  of  the  ore  by 
means  of  the  heat  from  a  reflector  and,  in  the 
case  of  precious  metals,  even  vaporizing  them 
out  of  the  gangue  and  condensing  the  vapor 
The  apparatus  may  also  be  used  in  the  manu- 
facture of  calcium  carbide  and  certain  nitrates 
and  in  the  distillation  of  oils.  Curved  mirrors 
of  parabolic  cross-section  are  mounted  upon  a 
frame  comprising  bars,  rigidly  connected  to- 
gether and  to  an  underframe  which  is  adapted 
to  run  upon  the  wheels  around  a  circular  track 
to  allow  for  the  apparent  movement  of  the 
sun 


TOP  HEADING    AND    BOTTOM    HELAD- 
ING  MKTHOD  OF  ATTACK  IN  TUN- 
NEL  CONSTRUCTION 

The  metlnMJ  of  tnnml  construction  kiKjvvn 
as  the  "top  heading  and  bench"  method  is  in 
.dmosl  universal  use  in  tin-  L'niti-d  .States. 
The  reason  assigm-d  for  this,  (tr  rather  the 
general  nndrfstanding  in  ri'gard  to  it,  is  that 
this  method  is  both  cheai)er  and  safer  than  any 
other  method  of  attack. 

Throughout  l'.nroi)e  the  "bottom  heading" 
method  of  attack  in  some  one  of  its  forms  is 
employed  almost  universally.  Juiropean  en- 
gineers are  convinced  of  the  superiority  of 
this  method  over  the  "top  heading  and  bench" 
method  employed  in  America.  It  may  be  said, 
however,  that  the  most  convincing  arguments 
in  support  of  the  superiority  of  the  European 
practice  are  based  on  the  necessity  for  dealing 
with  the  tremendous  rock  pressures  encounter- 
ed in  parts  of  Europe,  and  particularly  in  the 
Alps,  a  condition  that  does  not  prevail  in  this 
country, 

ROCK    PRESSURES. 

These  rock  pressures  are  an  interesting  phe- 
nomenon. They  make  necessary  the  employ- 
ment of  careful  methods  of  excavation,  of 
timbering,  and  of  lining.  In  tunnel  construc- 
tion in  this  country  timbering  is  often  neces- 
sary to  prevent  rock  falls,  which  are  apparent- 
ly due  to  the  weight  of  rock  masses  that  are 
insecurely  attached  to  the  adjacent  mountain 
masses.  In  the  Alps,  on  the  contrary,  the 
phenomenon  is  one  of  actual  pressure  from 
all  sides,  a  pressure  tending  to  crush  in  the 
roofs  and  sides  of  a  tunnel  and  to  raise  the 
floors.  These  pressures  are  not  due  to  a  dis- 
integration of  the  rock  masses  with  consequent 
tendency  to  displacement,  but  are  apparently 
caused  by  forces  imprisoned,  we  might  say,  in 
the  formation  of  the  mountains.  Experience 
has  shown  that  these  forces  are  ultimately  ex- 
hausted in  so  far  as  they  affect  any  individual 
tunnel.  This  is  indicated  in  the  case  of  the 
Karawanken  tunnel,  where  the  rock  pressures, 
which  were  of  unusual  intensity  during  the 
earh'  stages  of  construction,  have  greatly 
diminished  and  now  show  signs  of  ceasing 
entirely.  It  is  evident  that  a  method  rendered 
necessary  by  such  conditions  might  be  highly 
uneconomical  where,  as  in  America,  these  con- 
dition do  not  exist. 

BOTTOM    HEADING   ADVANTAGES. 

With  reference  to  economical  considerations 
it  is  claimed  as  an  advantage  of  the  "bottom 
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heading"  method  that  all  the  different  working 
operations  in  connection  with  the  construction 
of  the  tunnel,  such  as  driving  the  bottom  head- 
ing and  the  top  heading,  excavating  the  full 
section  and  lining  the  tunnel,  are  confined  to 
one  track  which  is  extended  as  fast  as  the  bot- 
tom heading  is  driven  and  remains  in  one  posi- 
tion until  construction  is  completed.  At  the 
same  time  the  bottom  heading  drains  the  whole 
tunnel  section,  and  inflowing  water  is  led 
away  in  the  bottom  of  the  tunnel.  Compari- 
son is  here  made  with  the  straight  "top  head- 
ing" method,  in  which  the  top  heading  is 
driven  complete,  and  the  full  section  is  after- 
wards excavated.  It  may  be  said  that  this 
method  is  only  used  in  tunnels  of  large  size 
where  the  adjustment  of  spoils  removal  to 
rate  of  advance  introduces  an  economic  ques- 
tion of  more  importance  than  the  maintenance 
of  a  track  in  one  position.  The  argument  has 
little  force  against  the  "top  heading  and  bench" 
method,  especially  where  the  excavation  of  the 
full  section  follows  closely  behind  the  head- 
ing, since  conditions  as  to  track  and  drainage 
are  practically  the  same  in  the  two  cases.  It 
therefore  appears  that  the  superiority  of  the 
bottom  heading  method  is  confined  to  cases 
where  rock  pressures  exist. 

AUSTRIAN     METHOD. 

The  method  employed  in  the  construction 
of  the  long  series  of  tunnels  [see  full  descrip- 
tion in  Engineering-Contracting,  Jan.  4]  on 
what  is  known  as  the  Second  Railway  to 
Trieste,  in  the  Austrian  Alps,  was,  with  one 
exception,  what  is  known  as  the  "Austrian" 
method  which,  briefly,  is  as  follows :  A  bot- 
tom heading  is  driven  as  an  advance  heading. 
Shafts  are  then  excavated  from  this  heading 
to  the  top  of  the  tunnel  arch.  The  top  head- 
ing is  then  driven,  all  spoils  being  dumpea 
through  the  shafts  already  excavated,  and 
removed  through  the  bottom  heading.  The 
full  section  is  then  excavated  and  lined  in 
detached  lengths  of  from  25  to  35  ft.  Finally 
the  intermediate  sections  are  excavated  and 
lined.  It  will  be  seen  that  this  process  has  in 
view  at  every  stage  the  resistance  to  rock  pres- 
sure, great  care  being  taken  not  to  have  too 
much  unlined  excavation  open  at  any  one 
time. 

A  variation  of  the  above  method  is  what 
is  known  as  the  "Belgian"  method.  In,  this 
method  the  top  and  bottom  headings  are  driv- 


en and  shafts  excavated  in  the  order  as  giv- 
en above.  Instead,  however,  of  excavating 
and  lining  the  whole  tunnel  section,  excavation 
is  first  made  in  short  lengths  for  the  arch 
ring  alone,  and  the  arch  is  built,  resting  on 
the  rock  at  the  level  of  the  springing  line.  Af- 
ter this  is  completed  the  full  section  is  exca- 
vated and  side  walls  built  under  the  arches. 
It  will  be  observed  that  in  this  process  the 
greatest  precaution  is  taken  against  damage 
from  rock  pressure,  since  the  arch  is  put  in 
at    the    earliest    possible    stage. 

KARA  WAN  KEN   TUNNEL. 

In  the  Karawanken  tunnel  a  top  heading 
was  driven  independently  of  the  bottom  head- 
ing. This  was  done  because  of  the  presence 
of  fire  damp  in  large  quantities,  which  in- 
terfered greatly  with  the  construction  of  this 
tunnel.  It  was  not  considered  safe  to  ex- 
cavate shafts  from  the  bottom  heading  to  the 
arch  as  was  done  in  the  other  tunnels,  as  it 
was  feared  that  they  would  serve  as  pockets 
for  collecting  this  light  gas.  The  most  in- 
tense pressures  were  here  encountered,  extend- 
ing over  a  length  of  more  than  a  mile.  The 
high  cost  per  foot  of  this  tunnel  ($284  per 
lin.  ft.)  is  doubtless  due  to  the  trouble  caused 
by  rock  pressures,  the  frequent  collapse  of 
timbering  and  completed  lining,  and  the  many 
interruptions  due  to  inbursts  of  water.  So 
great  were  the  pressures  in  this  tunnel  that  the 
layer  of  rock,  13  ft.  in  thickness,  lying  between 
the  top  and  bottom  headings,  was  seriously 
distorted  in  many  places,  and  heavy  bracing 
was  installed  to  prevent  the  total  collapse  of 
the  tunnel. 

In  a  bulletin  of  the  International  Railway 
Congress  Association,  Mr.  F.  Hennings,  pro- 
fessor of  engineering  at  the  Zurick  Polytech- 
nic School,  advocates  the  top-cut  or  high- 
heading  method  in  the  construction  of  Alpine 
Tunnels.  This  was  the  method  used  success- 
fully by  Rziha  in  constructing  the  Czernitz 
tunnel,  where  also  great  pressure  was  encoun- 
tered. In  this  method  a  bottom  heading  is 
first  driven,  and  is  then  extended  upward  in 
two  layers  to  the  tunnel  arch.  The  semi- 
circle of  the  arch  is  then  excavated  in  seg- 
ments, bracing  by  means  of  crown  bars  fol- 
lowing the  excavation  closely.  This  process 
is  then  continued  downward,  the  walls  of  the 
bottom  heading  being  the  last  material  exca- 
vated. 

In  the  methods  outlined  above  the  control!- 
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ing  f;icti>r  is  rcsislancc  to  rock  pressure,  safe- 
ty at  each  stajjic  of  the  process  being  carefully 
provided  for.  Where  rock  pressures  do  not 
exist,  it  would  seem  far  more  economical  to 
use  the  "lop  heading  ami  heiieh"  method  as 
employed  in  this  country. — Slightly  abridgea 
from  editorial  in  Engineering-Contracting. 


LOFTY  COOKING 

Housewives  in  the  Rocky  Mountain  region 
and  in  other  elevated  portions  of  the  United 
States  are  obliged  to  solve  a  few  culinary 
problems  that  do  not  trouble  women  elsewhere. 

I'^or  example,  a  woman  goes  from  an  East- 
ern city  to  live  in  one  of  the  high  valleys  of 
Colorado.  She  attempts  to  make  a  cake  and 
quite  naturally  uses  the  recipe  to  which  she 
has  long  been  accustomed.  The  cake,  instead 
of  acting  as  it  ought,  flows  over  the  side  of 
the  pan,  covers  the  bottom  of  the  oven  and 
tries  to  fnul  its  way  out  under  the  oven  door 
and  over  the  kitchen  floor.  What  remains  in 
the  pail,  instead  of  rounding  up,  appears  col- 
lapsed. 

The  trouble  is  not  with  the  recipe  but  with 
the  atmospheric  pressure,  which  interferes 
with  cooking  in  a  good  many  ways.  At  sea- 
level,  water  boils  at  212°  Fahrenheit.  At  an 
elevation  of  ten  hundred  and  twenty  feet  it 
boils  at  210".  At  Denver,  which  is  one  mile 
above  sea-level,  water  boils  at  202°.  In  the 
San  Luis  Valley,  at  Del  Norte,  which  is  sev 
enty-sevcn  hundred  and  fifty  feet  up,  it  boils 
at  197°.  At  Leadville,  which  is  nearly  two 
miles  above  the  sea,  it  boils  at   193°. 

How  is  the  housewife  to  boil  an  egg  at 
Leadville?  The  answer  is  that  the  thing  is 
very  hard  to  accomplish.  At  all  events,  she 
must  cook  the  egg  some  minutes  longer  than 
the  time  customary  in  New  York  or  Chicago. 
It  is  not  the  fact  of  boiling  that  cooks  an  egg, 
but  the  number  of  units  of  temperature  em- 
ployed in  the  process ;  hence  it  takes  a  good 
deal  longer  to  cook  it  at  193°  than  to  bring 
it  to  the  requisite  point  of  "doneness"  in  a 
surrounding  fluid  medium   of  212°. 

The  trouble  with  the  cake  previously  men- 
tioned was  that  the  gas  generated  in  it  by 
the  baking  powder  was  too  strong  for  it.  At 
sea-level  there  would  have  been  no  trouble, 
because  the  pressure  of  the  air  on  the  outside 
would  have  been  a  sufficient  restraint ;  but, 
the  pressure  up  in  the  mountains  of  Colorado 
being  so  much  less,  the  gas  in  the  cake  made 


bigger  bubbles  wliiili  tciidid  (o  run  toj^ether, 
nulil  tlir  r(ni;iiiiini4  walls  were  not  sufficient  to 
.sustain  the  weight.  Then  the  cake  fell,  the 
pent-up  gas  escaping  through  fissures  in  its 
oiUir  layer.  Incidentally  to  the  process,  the 
gas,  insufficiently  restrained,  caused  most  of 
the  material  of  the  cake  to  overflow  the  sides 
of  the  pan. 

One  naturally  asks,  What  should  a  woman 
do  under  such  circumstances?  It  is  very  sim- 
ple. She  should  either  use  less  baking  powder 
or  increase  the  tenacity  of  her  dough  by  con- 
tributing more  albumen  in  the  shape  of  an 
additional   egg. 


COMPRESSED    AIR    LOCOMOTIVES 
FOR  COAL  MINES* 

In  1895  the  first  compressed  air  locomotive 
was  installed  in  the  anthracite  region  in  the 
No.  6  colliery  of  the  Susquehanna  Coal  Co., 
near  Wilkesbarre.  Since  then  this  type  of 
locomotive  has  come  into  quite  general  use, 
due  to  its  simplicity  and  its  rugged  character- 
istics which  make  it  possible  to  operate  it  with 
unskilled  men,  through  wet  gangways  and 
under  bad  roof,  and  also  because  it  was,  and 
is,  the  only  practical  and  proven  independent 
locomotive  which  will  operate  without  fire, 
smoke,  sparks  or  wires.  Today  there  are  about 
two  hundred  and  seventy-five  compressed  air 
locomotives  at  work  in  the  coal  mines  of  Penn- 
sylvania alone,  and  about  as  many  more  in 
other  States  and  Canada. 

In  the  past  it  is  the  locomotive  which  has 
been  used  when  no  other  w'ould  do  the  work. 

If  there  is  gas  the  air  locomotive  cannot  ig- 
nite  it. 

If  there  is  bad  roof,  there  is  nothing  essen- 
tial to  the  system  which  will  be  injured  by  an 
ordinary   fall. 

If  the  mine  is  wet,  it  does  no  harm  except 
to  make  the  locomotive  dirty. 

If  the  bottom  heaves,  if  the  track  is  bad  and 
curves  are  sharp  and  derailments  frequent, 
the  air  locomotive  is  seldom  injured,  and  its 
own  power  is  available  to  assist  in  cleaning 
up  the  wreck  to  which  any  other  type  of  lo- 
comotive might  have   set  fire. 

The  features  which  limited  its  use  to  those 
mines  where  one  or  more  of  the  above  condi- 


*From  a  paper  by  C.  B.  Hodges,  before  the 
West  Virginia  Coal  Mining  Institute. 
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tions  rendered  this  locomotive  particularly  de- 
sirable are  : 

Long  tanks  to  contain  a  sufficient  supply  of 
compressed  air,  which  required  more  room  on 
curves,  and  the  first  cost  of  the  compressors, 
boilers,  pipe  lines  and  charging  stations  re- 
quired to  supply  them  with  a  sufficient  quant- 
ity of  compressed  air  at  convenient  points. 

Briefly,  the  essential  features  of  a  complete 
installation  of  compressed  air  locomotives 
are : 

I — One  or  more  compressed  air  locomotives 
having  sufficient  tractive  force  and  weight  to 
handle  trains  of  the  most  economical  size  and 
tanks  to  contain  air  for  the  longest  possible 
runs  without  exceeding  the  limits  of  height, 
width  and  length  which  can  be  economically 
obtained. 

2 — One  or  more  air  compressors  of  sufficient 
capacity  to  at  all  times  supply  the  locomotives 
with  sufficient  air. 

3 — One  or  more  charging  stations  so  located 
that  the  locomotives  will  seldom,  if  ever,  be 
compelled  to  do  special  running  in  order  to 
obtained  compressed  air  as  required, 

4 — A  stationary  storage  system  (usually  a 
pipe  line)  having  sufficient  volume  to  equalize 
the  variable  rates  at  which  the  locomotives  may 
charge,  which,  taken  in  connection  with  the 
compressors,  will  insure  a  satisfactory  charge 
of  air  for  the  locomotives  whenever  they  may 
come  to  a  charging  station,  and  will  at  the 
same  time  provide  for  connecting  up  the  vari- 
ous charging  stations  with  the  compressors. 

5 — All  parts  must  be  combined  to  form  a 
satisfactory  working  plant  as  a  whole,  and 
each  detail  must  be  carefully  worked  out  to 
insure  sufficient  strength  to  safely  sustain  the 
high  pressures  employed,  and  also  to  insure 
satisfactory  operation. 

Compressors  used  to  supply  .air  for  mine 
locomotives  ordinarily  deliver  the  air  to  the 
pipe  line  at  a  pressure  of  looo  pounds  per 
square  inch.  This  pressure  is  obtained  by 
compressing  in  either  three  or  four  stages.  To 
compress  lOO  cubic  feet  of  free  air  per  min- 
ute to  1000  pounds  pressure  in  three  stages 
requires  about  thirty-four  horse  power ;  in  four 
stages,  thirty-two  horse  power. 

As  in-  even  the  latest  type  of  compressed  air 
locomotive  the  air  pressure  is  reduced  from 
lOOO  pounds  to  250  pounds  before  the  air  be- 
gins to  do  any  work  in  the  cylinders,  there 
is   apparently  a  very  great  loss  in  sufficiently 


compressing  the  air  to  enable  a  locomotive  to 
make  reasonably  long  runs  on  one  charge. 
This  loss,  however,  is  not  so  great  as  the  dit- 
ference  of  pressure  would  indicate.  To  com- 
press 100  cubic  fefet  of  air  per  minute  to  250 
pounds  in  two  stages  requires  twenty-three 
horse  power,  so  that  it  only  requires  about 
ten  more  horsepower  to  raise  the  pressure 
from  250  to  1,000  pounds  or  considerably  less 
than  one-half  additional  power  to  give  four 
times  the  gage  pressure*  The  reason  for  this 
is  apparent  when  the  operation  of  the  three- 
stage  compressor  is  considered. 

In  the  first  stage  the  air  is  compressed  to 
about  one-fourth  of  its  volume  and  to  four 
times  its  pressure,  making  the  pressure  in  the 
first  inter-cooler  60  pounds  absolute  or  45 
pounds  gauge.  In  the  second  stage  the  volume 
is  again  reduced  to  one-fourth  and  the  pres- 
sure increased  four  times,  making  the  pres- 
sure in  the  second  inter-cooler  240  pounds  ab- 
solute or  225  pounds  gauge.  In  the  last 
cylinder  the  air  is  again  condensed  to  one- 
fourth  of  its  volume  and  the  pressure  raised 
to  about  1,000  pounds.  In  the  first  stage  the 
volume  of  the  compressing  cylinder  will  be 
sixteen  times  that  of  the  high-pressure  cyl- 
inder and  four  times  that  of  the  intermediate 
cylinder,  and  in  each  case  the  average  pres- 
sures are  reversely  as  the  volume,  so  that  the 
total  work  in  each  stage  is  approximately  the 
same. 

The  three  or  four-stage  compressors  as 
built  to-day  for  producing  pressures  of  from 
1,000  to  1,500  pounds  are  as  reliable  and  sat- 
isfactory as  machines  as  are  the  compressors 
for  90  pounds  which  are  so  widely  distributed 
throughout  the  mining  and  industrial  world. 
The  high-pressure  compressors  are  provided 
with  speed  and  pressure  governors  which  will 
prevent  racing  under  all  conditions  of  service 
and  which  will  slow  down  the  compressor  as 
the  maximum  pressure  desired  is  approached 
and  if  further  reduction  in  the  supply  is  re- 
quired, will  completely  unload  or  come  to  a 
dead  stop,  if  desired,  so  that  no  more  atten- 
tion is  required  for  them  than  should  ordinar- 
ily be  given  to  a  piece  of  mechanism  in  con- 
tinuous motion. 

The  pipe  lines  are  almost  exclusively  made 
from  a  special  quality  of  wrought  iron  pipe 
with  extra  heavy  counterbored  sockets  for 
coupling.  Each  pipe  is  tested  to  1.800  pounds, 
for  a   working  pressure  of  1,000  pounds,   and 
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the  ultiiiKitc  hiirstiii.u  pressure  of  the  pipe  var- 
ies from  .^.5()(i  to  5.0CK)  poinuls.  In  order  to 
provide  for  aeeess  to  any  j(Mnt  in  the  pipi- 
flanjied  eouplin.us  are  intro(hiC(.Hl  at  inter\als 
of   from   J(Xi  to  400  feet. 

With  pipe  hnes  of  this  eharaeter  earr\ing 
air  at  i.txx)  i)oiinds  pressure,  the  loss  due  to 
leakai^e  is  praetieallx'  iK\ulitiihle,  and  the  lahor 
and  expense  required  in  maintaining  tliem  in 
this  eoncHtion  is  110  greater  than  that  required 
for  air  lines  containing  air  at  90  pounds  pres- 
sure, and  less  than  is  required  to  keep  a  steam 
line   in   good   condititm. 

The  charging  stations  consist  of  a  tee  in 
the  pipe  line  or  elbow  on  the  end  of  it,  to 
which  is  attached  a  specially  designed  stop 
valve  with  a  flexible  metallic  coupling,  which 
provides  sufficient  latitude  to  avoid  the  delays 
incident  to  stopping  the  locomotive  with  too 
great  accuracy.  With  this  device  the  locomo- 
tives are  ordinarily  charged  in  about  one  and 
one-half  minutes. 

I'ntil  1 90S  the  locomotives  were  built  along 
substantially  the  same  lines  as  steam  locomo- 
tives. The  only  difference  was  that  one  or 
more  heavy  steel  tanks  were  substituted  for 
the  boiler,  and  a  reducing  valve  was  intro- 
duced to  maintain  a  pressure  of  about  150 
pounds  at  the  throttle   valve. 

In  1908  a  new  type  of  compressed  air  loco- 
motive was  offered  and  has  been  sold  and  in- 
stalled, to  the  practical  exclusion  of  the  older 
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type  of  single-expansion  compressed  air  loco- 
motive, during  the  past  two  years.  The  first 
locomotive  of  this  type  was  built  by  the  H. 
K.  I'orter  ("ompanx  and  installed  in  a  mine 
of  the  .Sns(|nehanna  Coal  Company  at  Nanti- 
eoke,  Peimsylvania.  Before  many  tests  were 
made  the  men  running  it  rep(jrtcd  that  "it 
was  saving  lots  of  air,"  and  later,  comparative' 
tests  made  b\-  hauling  the  same  cars  the  same 
distance  over  the  same  piece  of  track,  alter- 
nately with  the  two-stage  and  then  with  a  sin- 
gle-expansion locomotive  of  equal  capacity, 
demonstrjited  that  for  six  separate  trips,  with 
variable  loads,  the  average  air  consumption  of 
the  two-stage  was  fifty-six  per  cent,  of  that 
of  the  single-expansion  locomotive.  The  in- 
creased efficiency  was  obtained  by  expanding 
the  compressed  air  in  two  successive  cylinders, 
in  connection  with  simply  atmospheric  inter- 
heating  during  the  process  of  expansion. 

This  locomotive  is  shown  in  four  views. 
The  air  is  stored,  at  a  pressure  of  eight  or  nine 
hundred  pounds,  in  the  large  cylindrical  reser- 
voir, which  may  be  re-charged  in  one  or  two 
minutes  from  a  stationary  storage.  The  air 
reaches  the  high-pressure  cylinder  through  a 
regulating  valve,  at  250  pounds  pressure  and 
atmospheric  temperature.  From  this  cylinder 
it  exhausts  through  an  atmospheric  inter- 
heater,  at  a  pressure  of  50  pounds,  to  the  low 
pressure  cylinder. 
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On  account  of  the  work  done  in  the  high- 
pressure  cylinder  (about  20,000  foot-pounds 
per  pound  of  air),  the  temperature  of  the  air 
leaving  the  high-pressure  C3dinder  is  about 
140  degrees,  Fahrenheit,  below  that  of  the  at- 
mosphere, rendering  the  surrounding  air  an 
efficient  heating  medium,  which  may  be  read- 
ily utilized  by  means  of  the  inter-heating  cylin- 
drical reservoir  filled  with  small  tubes, 
through  which  the  atmospheric  air  is  rapidly 
drawn  by  the  ejector  action  of  the  exhaust 
from  the  low-pressure  cylinder.  In  this  ap- 
paratus nearly  all  of  the  heat  lost  in  the  high 
pressure  cylinder  is  restored,  expanding  the 
air  about  thirty-six  per  cent,  and  permitting 
higher  initial  and  lower  terminal  pressures, 
with  a  wider  range  of  expansion — the  essen- 
tial features  of  economical  operation,  practi- 
cally impossible  in  connection  with  the  single- 
expansion  locomotive,  on  account  of  unman- 
ageable  refrigeration. 

Since  the  first  locomotive  of  this  type  was 
built,  about  one  hundred  more  have  been  put 
in  operation  in  mines,  lumber  yards  and  other 
industrial  establishments.  Many  of  these  in- 
stallations were  possible  only  with  the  new 
type  of  locomotive,  as  with  the  older  type  of 
single-expansion  locomotive,  the  cost  of  the 
compressors,  boilers  and  pipe  lines  would  have 
been  too  great ;  or  the  cost  of  the  power  to 
operate  the  compressors  would  have  been  too 
high ;  or  the  locomotives  would  have  had  to 
be   charged   too   frequently. 

The  increased  efficiency  obtained  with  this 
type  of  locomotive  has  resulted,  under  ordi- 
nary conditions,  in  reducing  the  cost  of  pow- 
er about  30  per  cent.,  reducing  the  size  of  the 
compressors  and  boilers  thirty  per  cent.,  re- 
ducing the  first  cost  of  the  complete  installa- 
tion approximately  fifteen  per  cent.,  and  in- 
creased by  thirty  per  cent,  the  distance  which 
the  locomotive  will  travel  on  one  charge  of 
air. 

The  combined  indicator  diagrams  show  by 
their  area  the  relative  quantities  of  work  ob- 
tained from  the  same  amount  of  compressed 
air.  The  area  inside  of  the  dotted  lines  indi- 
cates the  amount  of  work  obtained  from  a 
given  quantity  of  compressed  air  in  the  sin- 
gle-expansion locomotive ;  the  area  inside  of 
the  two  indicator  diagrams  shown  in  solid 
lines,  the  amount  of  work  obtained  from  the 
same  quantity  of  air  in  the  new  type  of  two- 
stage    locomotive.      The    single    cross-hatched 


COMBINED   INDICATOR   DIAGRAMS. 

area  is  the  gain  due  to  a  wider  range  of  ex- 
pansion with  a  higher  initial  and  lower  term- 
inal pressure,  possible  only  in  connection  with 
the  atmospheric  inter-heater  which  prevents 
unmanageable  refrigeration  and  incidentally 
■adds  about  eighteen  per  cent,  to  the  total 
quantity  of  work  done  by  the  air  by  expand- 
ing it  in  the  process  of  re-heating  to  a  suffi- 
cient extent  to  increase  the  area  of  the  low- 
pressure  card  by  the  quantity  indicated  by  the 
double  cross-hatched  area.  The  stippled  area 
indicates  the  losses  due  to  the  impossibility  of 
always  haivng  the  valve  gear  of  the  two  cyl- 
inders exactly  adjusted  to  obtain  the  most 
economical   results. 

The  durability  of  the  pipe  lines  under  min- 
ing conditions  is  a  feature  of  compressed  air 
haulage  which  at  times  has  been  questioned. 
The  life  of  wrought  iron  pipe  in  a  mine  will 
of  course,  vary  with  local  conditions.  As  a 
matter  of  experience,  pipe  lines  were  installed 
in  the  shaft  and  gangways  of  the  colliery  of 
the  Susquehanna  Coal  Company  at  Glen  Lyon, 
Pennsylvania,  in  1895,  and  are  still  convey- 
ing the  air  to  the  charging  stations  for  the 
operation  of  the  locomotives.  The  same  is 
true  of  pipe  lines  installed  in  the  Rolling  Mill 
Mines  of  the  Cambria  Steel  Company,  at 
Johnstown,  Pennsylvania.  These  lines  were 
installed  in  189S.  Still  another  case  is  that 
of  the  Carbon  Mine  of  the  Keystone  Coal  & 
Coke  Co.,  where  pipe  was  installed  in  the 
Gangways  in  1897  and  is  still  a  part  of  the  pip- 
ing system  which  furnishes  air  to  eight  com- 
pressed   air    locomotives    for    the    Carbon    and 
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Grconshurfj;    Xo.    j    Mim-s    wliicli    j()intl\'    ii' 
ccive    a    ^npplx     frtun    tlu-    iH-nlral    ooinprfssiiif^ 
plant.       I  lu'sc   iiisiaiui's   aii-   iiuTcly    ifpri-sont- 
ativo  rasi's  (^f  wliicli  the  writer  has  (lotiiiito  atul 
recent    kn()\vK(l|.;e. 

W'hiK'  ha\  ini^  heeii  more  oi'  less  intiinati-Iy 
coiiiieeted  with  the  siihject  i>t  e< impressed  air 
haulage  in  k<-*"^'';'1  thrdu^^houl  the  Ignited 
States  and  Canada  for  the  past  fifteen  years, 
I  liave  kiKuvn  of  hnt  one  case  of  replacing  a 
pipe  liiu-  oil  .locoimt  of  deterioration  due  to 
rnstiiiii.  acids  or  aiiv  other  cause. 


while  till-  tli<iiij.;hl  of  old  1  )ioj;i-nes  lolling  in 
his  tnh  without  so  nmch  as  a  peimy  stick  of 
l)ei)permint  to  tickle  his  i)hilosophieal  palate, 
and  the  valorous  Anthony  paying  court  to  the 
di\ine  eo(piette  of  l''gyi)t  without  the  custo- 
mary honhons  makes  yon  nuninur  in  mourn- 
ful numhers :  "Was  life  worth  living  then, 
aiixhow?"  And  yet  such  was  the  case  in  those 
days  and  all  days  up  to  the  middle  of  the 
middle  ages,  altlujugh  the  exact  date  of  the 
invention  of  sugar  hides  itself  in  the  dim  un- 
certain   regions  of   m\th   and   legend. 


A    SHOT    BLAST    TUMBLER    INSTALLATION. 


THE  BEGINNINGS  OF  SUGAR 

It  ahnost  gives  one  a  fit  of  melancholy  to 
sit  down  and  try  to  picture  to  himself  the 
alarming  state  of  afifairs  which  must  have  ex 
isted  in  the  good  old  days  when  Rome  w-as 
mistress  of  the  world,  and  the  art  and  culture 
of  Greece  were  civilizing  her  mistress  and 
there  was  no  sugar.  Of  course  there  was 
honey,  but  whit  of  honey  in  comparison  with 
the  possibilities  of  sugar?  Think  of  a  toddy 
without  sugar,  and  imagine  if  you  can  what  a 
milk  punch  sweetened  with  honey  would  taste 
like.  Your  heart  almost  bleeds  for  laughing 
at  jovial  old  Horace  as  you  picture  him  to 
y^ourself  sitting  under  his  own  vine  and  fig 
tree  among  a  small  company  of  the  brilliant 
lights  of  those  palmy  days,  ladling  out  his  old 
Falernian     punch,     sugarless     and     lemonless. 


SHOT-BLAST    TUMBLING    BARRELS 

The  ]^Iathewson  sand  blast  rattler  appliances 
supplied  by  the  Tilghman  Patent  Sand  Blast 
Compan}-,  Ltd.,  Broadheath,  near  Manchester, 
England,  have  been  employed  for  the  cleaning 
of  castings,  etc.,  for  some  little  time.  They 
are  intended  for  comparatively  small  castings, 
larger  pieces  than,  say,  50  pounds  weight,  be- 
ing dealt  with  in  the  sand-blast  room.  It  is 
not  a  sand  blast  that  is  used,  small  chilled-iron 
shot  from  1-40  inch  to  1-60  inch  diameter  be- 
ing employed. 

Fig.  I,  which  illustrates  a  barrel  plant  at 
the  side  of  a  sand-blast  room  in  the  works  of 
the  Tilghman  Company,  shows  a  rattler  driven 
by  belt  of¥  an  overhead  motor.  The  blast  it- 
self is  taken  into  one  or  both  ends  of  the  bar- 
rel and  this  is  about  half  filled  with  castings. 


COMPRESSED  AIR  MAGAZINE. 


5949 


With  the  rotation,  of  the  barrel  the  castings 
are  regularly  turned  over,  presenting  new  sur- 
faces to  the  action  of  the  air-propelled  shot. 
As  the  barrel  moves  quite  slowly,  two  to  four 
turns  a  minute  being  made,  even  light  castings 
are  not  broken  by  the  action.  The  castings 
are  fed  into  the  barrel  through  a  sliding  door 
and  perforations  allow  the  dust  and  shot,  etc., 
to  escape  through  a  hopper  so  as  to  meet  a 
current  of  air.     This  drives   the  lighter  sand 


FIG.   2. 

away,  while  the  shot  falls  into  a  hopper  ready 
for  use  again. 

Fig.  2  illustrates  the  outfit  with  sand  ele- 
vator, separator  and  air  sieve.  An  exhauster, 
not  shown,  maintains  a  partial  vacuum  (about 
3^  inches  water  gage)  in  the  tumbling  bar- 
rel so  that  any  leakage  is  inward.  The  sana, 
etc.,  is  thus  drawn  to  the  separator.  Shot  is 
used  because  it  does  not  break  up  so  readily 
as  sand  and  therefore  causes  less  dust.  The 
castings  may  be  cleaned  right  down  to  the 
metal  and  a  considerable  saving  in  machining 
cost   can   readily  be   claimed. 

The  plant  is  built  in  a  number  of  sizes  and 
continuous  tumbling  barrels  also  are  supplied, 
the  castings  being  fed  in  at  one  end  and  pass- 
ing out  at  the  other  after  being  subjected  to 
the  action  of  four  or  more  separate  shot  blasts, 
according  to  the  length  of  the  barrel. 

Actual  figures   are  given   showing  that  this 


process  is  not  only  more  thorough  and  efficient 
but  also  cheaper  than  hand  work. 

THE    AIR    SUPPLY. 

The  makers  recommend  a  large  volume  at 
low  pressure.  The  reason  will  be  found  in 
the  air  velocities  corresponding  to  the  differ- 
ent pressures.  The  work  done,  of  course,  de- 
pends on  the  velocity  of  the  shot,  and  short 
pipes  are  used.  Now,  to  make  a  comparison, 
through  a  pipe  say  three  diameters  long,  the 
velocity  at  lo  pounds  pressure  is  about  535 
feet,  a  second;  at  14.7  pounds,  634  feet;  at 
29.4  pounds,  656  feet;  and  at  73.5  pounds  only 
658  feet.  The  figures  are  taken  from  a  well 
known  textbook.  It  will  be  plain  that  after 
about  15  pounds  pressure  the  velocity  rises 
very  slowly.  Obviously  loss  in  pressure  re- 
duction, from  high  to  low,  should  be  avoided. 
The  firm,  therefore,  recommend  from  5  to  25 
or  30  pounds  per  square  inch  as  a  suitable  pres- 
sure for  the  air  supply.  Condensed  from 
American  Machinist. 


AUTOMATIC    STABILITY    OF    A 
BIPLANE 

Lieut.  J.  W.  Dunne  recently  gave  an  exhi- 
bition of  his  automatic  stability  biplane  at  the 
Royal  Aero  Club's  flying  ground  in  the  Isle 
of  Shippey  close  to  the  Thames  estuary,  Or- 
ville  Wright  being  an  interested  spectator. 

Lieut.  Dunne  made  two  flights  of  seven  and 
eight  miles,  and  the  interest  of  the  perform- 
ance lay  in  the  fact  that  the  aviator  was  able 
as  he  flew  to  take  his  hands  off  the  control 
levers  and  to  write  notes,  which  he  showed  to 
Mr.  Wright  in  proof  of  his  claim  that  he  has 
solved  the  problem  of  automatic  stability. 

Lieut.  Dunne's  machine  is  a  fairly  heavy  one 
and  is  shaped  much  like  a  snow  plough  with 
the  sides  open.  It  has  neither  tail  nor  rudder 
and  depends  for  its  steering  power  on  two 
small  flaps  at  the  rear  edge  of  the  upper  planes. 
With  these  the  airman  brings  his  machine 
around  to  the  right  or  left  with  perfect  ease, 
keeping  at  the  same  time  on  an  even  keel. 


Aid  to  air  pilots  is  to  be  offered  by  the 
Blue  Hill  Observator3%  outside  of  Boston.  Ex- 
perts there  are  at  work  on  a  series  of  air-cur- 
rent charts,  the  material  for  which  has  been 
accumulating  at  the  observatory  for  years. 
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2-INCH    PiPB. 


Lenitth  of  Pipe  in  Feet. 

Length  of  Pipe  In  Va-l        1 

l/nr.h  of  Pipe  In  Feet. 

200 

500 

1000 

2000 

200 

500 

1000 

2000 

200 

500 

1000 

2000 

100 
150 

200 
250 
300 

764 
1146 

1528 
1910 

2292 

0  17 
0  39 

0  69 

1  09 
1    67 

0   43 

0  98 

1  75 

2  31 
4.92 

0  87 

1  97 
3    54 
5.60 

8.18 

1    75 
3    99 
7    24 
11  .60 
17.28 

HX) 
l.SO 
200 
2.S0 
300 

655 
982 
1310 
1637 
1965 

0.15 
0  34 
0   59 
0   93 
1.35 

0   37 

0  83 

1  61 
1    97 
3.45 

0  75 

1  69 
3   02 
4.76 
6.92 

1.50 
3   40 
6.48 
9   75 
14.37 

100 
l.SO 
200 
250 
300 
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1146 
1433 
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0    13 
0.29 
0   53 
0.83 
1.22 

0.32 
0.74 
1.32 
2.09 
3.06 

0.65 
1.47 
2.64 
4.17 
6.13 

1  ..'-0 
2.95 
5   28 
8.35 
12.25 

COMPRESSED  AIR  TRANSMISSION 
TABLES* 

BY    FRANK    RICHARDS. 

The  accompanying  tables  of  pressure  losses 
during  the  flow  of  compressed  air  through 
pipes  were  computed  by  what  may  be  termed 
the  Rix-Johnson  formula.  J.  E.  Johnson,  Jr., 
gave  Church's  familiar  formula  in  a  simpli- 
fied form  in  the  American  Machinist,  July  27, 
1899,  which  was.  in  substance,  as  follows: 
K   V'L 

R= 

D' 
where 

r'=Volumc    of    free    air    in    cubic    feet    per 

minute  ; 
L=Length  of  pipe  in  feet ; 
Z)=:Diameter  of  pipe   in   inches ; 
/C=A    numerical    constant,    which    Johnson 

fixed  as  0.0006 ; 

/?=Ditterence    between    the    squares    of    the 

initial   and   terminal   absolute  pressures  in 

pounds   per   square   inch :    that   is,   p'^ — p\ 

I  have  reason  to  believe  that  this  formula  is 

now  used  in  this  country  more  generally  than 

any   other   in    practical    compressed-air    work. 

E.  A.  Rix.  of  San  Francisco,  uses  Johnson's 
formula  with  0.0005  for  the  value  of  K.  In 
my  own  practice  I  haA'C  found  it  more  con- 
venient to  use  the  reciprocal  of  this  value  of 
K,  that  is.  2000.  and  transfer  it  to  the  divisor. 


where  in  actual  numerical  operations  it  al- 
most invariably  disappears  at  once  by  cancel- 
lation. I  also  find  it  more  convenient  for  my 
pencil  habit  to  use  small  letters  instead  of 
capitals ;  hence  my  working  formula  .  takes 
the  form, 

z/  / 

p\—p\= 

2000  d^ 
This,    of    course,    may    be    transformed    to 
suit   the   special   requirements,  as : 
2000  d''  ip'\  —  p'^2) 
I— 


/200Orf''  (p\—p\) 


v=V- 


zr  I 


d'-- 


*Cop3-right,    1910,  by   Frank  Richards. 


2000  (p\—p%) 

Computations  in  this  line  do  not  inviti, 
not  hardly  permit,  micrometrical  precision, 
and  refinements  are  out  of  place ;  hence  it  is 
quite  permissible  and  very  convenient  to  use 
15  pounds  for  the  normal  atmospheric  pres- 
sure, and  this  has  been  done  in  computing  the 
tables  herein  given.  A  single  example  of  the 
process  will   suffice. 

Let  there  be  5000  feet  of  8-inch  pipe,  through 
which  it  is  desired  to  transmit  4000  cubic  feet 
of  free  air  per  minute  at  an  initial  pressure  of 
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LOSS   OK    HKAD    IN    THAflSMISSIOJJ    IHKOUtJH    Pll'KS. 

J>ngth  of  Pipe  in  Feei. 

I>ens;lh  of  Pipe  in  Feet 

LcnKth  of  Pipe  m  Feci 

1000 

1500 

2000 

2500 

1000*' 

1500 

2'000 

2500 

1000 

1600 

2000 

2500 

100 
200 
300 
400 
500 

489 

978 

1467 

1956 

2450 

.0  29 

h.vie 

2  6 
4  64 
7.50 

0  44 

1  74 
3.91 
6   96 

10  00 

0  59 
2   32 
0.25 
9  30 
15   10 

0   73 
2.89 
6.64 
12.20 
18.90 

100 
200 
300 
400 
500 

419 

838 
1257 
1676 
2100 

0  25 
0.98 
2.22 
3.98 
6.25 

0.38 
1    47 
3  34 
6.00 
9  38 

0  51 
1.96 
4    ir^ 
8  00 
12.50 

0.62 
2   47 
5  64 

10   2.=. 

15    72 

100 
200 
300 
400 
500 

367 
73't 
1100 
1467 
1838 

0  22 
0,86 
1.94 
3.45 
5  45 

0.12 
1    2'J 
2,88 
5.18 
8   20 

0,43 
1   73 
3.87 
7.00 
11    15 

0  55 
2    15 
4.95 
8  86 
14    17 

3-i.\cH  ript. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feel 

1000 

1500 

2000 

2500 

1000 

1500 

2000 

2500 

1000 

1500 

2000  i   2500 

100 
200 
400 
600 
800 

339 

679 

1358 

2037 

2716 

0  12 
0.46 

1  86 
4.21 
7  64 

0    17 
0  69 
2.79 
6   39 
U    74 

0.23 
0.92 
3.76 
8.65 
16.11 

0  29 

1  15 
4.69 

10.81 
20   15 

100 
200 
400 
600 
800 

291 

582 

1164 

1746 

2328 

0  10 
0.39 
1.58 
3.59 
6.47 

0.15 
0.59 
2.39 
5.43 
9.87 

0.20 
0.79 
3.19 
7.31 
13.43 

0.25 
0.99 
3.99 
9.14 
16.79 

100 
200 
400 
600 
800 

254 

509 

1019 

1528 

2037 

0,09 
0.35 
1,41 
3    13 
5  74 

0.  13 
0.53 
2.  12 
4,83 
8.72 

0.17|     0.2-2 
0.69      0.87 
2.76      3.48 
0.48      8.16 
11.78    14.65 

4-INCH  Pipe. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  In  Feel. 

Length  of  Pipe  in  Feet. 

1000 

1500 

2000 

2500 

1000 

1500 

2000 

2500 

1000 

1500 

2000 

2500 

250 
500 
750 
1000 
1250 

477 

955 

1432 

1910 

2387 

0  17 
0.68 
1.54 
2.76 
4.34 

0.26 
1.02 
2   32 
4.17 
■  6.52 

0.34 
1.37 
3.10 
5.60 
8.91 

0.43 
1.71 
3.89 
7.06 
11.29 

250 
600 
750 
1000 
1250 

409 

818 

1227 

1637 

2046 

0.15 
0.58 
1.31 
2.35 
3.49 

0.24 
0.82 
1.98 
3.55 
5.59 

0.29 
1.17 
2.65 
4.76 
7.53 

0.37 
1.47 
3.32 
5.98 
9.51 

250 

500 

750 

1000 

1250 

358 

716 

1074 

1433 

1790 

0.12 
0.51 
1.15 
2,05 
3.22 

0,19 
0,76 
1,73 
3,09 
4.86 

0.26 
1.02 
?  31 
4.14 
6,53 

0,32 
1,28 

2.89 
5   20 

8.22 

6-INCH  Pipe. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet. 

1000 

2500 

5000 

10.000 

1000 

2500 

5000 

10,000 

1000 

2»00 

5000 

10.000 

1000 
1500 
2000 
2500 
3000 

849 
1273 
1698 
2122 
2547 

0.36 
0.81 
I    44 
2.26 
3.28 

0.89 
2.04 
3.64 
5.75 
8.45 

1.81 

4.12 

7.45 

11.93 

17.86 

3.65 

8.46 

15.64 

26.14 

1000 
1500 
2000 
2500 
300v> 

727 
1091 
1454 
1817 
2181 

0.31 
0.63 
1.23 
1.93 
2.79 

0.77 
1.74 
3.10 
4.89 
7.14 

1.64 

3.51 

6.31 

10.07 

14.84 

3.10 

7.15 

13.05 

21.25 

lOOU 
1500 
2000 
2500 
3000 

637 

955 

1274 

1591 

1910 

0,27 
0,61 
1,08 
r69 
2  «3 

0,67 
1,51 
2.70 
4.27 
•%     6 

1   34 
3  04 
5.46 
8  69 
14,55 

2.70 

6,16 

11,19 

18.12 

27.05 

8-iNCH   Pipe. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet. 

length  of  Pipe  in  Feet. 

tooo 

2500 

5000 

10,000 

1000 

2500 

5000 

10.000 

1000 

2500 

5000 

10.000 

2000 
3000 
4000 
5000 
6000 

954 
1432 
1909 
2386 
2864 

0.34 

0  77 

1  37 
2.15 
3   10 

0.85 
1.92 
3.46 
5.46 
7.98 

1.71 

3.89 

7.06 

11.29 

16.83 

3.46 

7.97 
14.77 
24.51 

2000 
3000 
4000 
5000 
6000 

818 
1227 
1636 
2045 
2454 

0.29 
0.66 
1.17 
1.83 
2.65 

0.73 
1.64 
2.95 
4.64 
6.75 

1.47 
3.32 
5.98 
9.51 
14.00 

2.95 

6.75 

12.35 

20.06 

2000 
3000 
4000 
5000. 
6000  ' 

716 
1074 
1432 
1790 
2148 

0.26 

0.57 

1.02 

1.60- 

2.31 

0  64 

1  44 
2.57 
4  04 

5,86 

1,28 
2  90 
5,20 
8,23 
12.05 

2.57 

5.87 

10,65 

17.61 

26   16 

10-1 NCH    PiPB. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet 

2500 

5000 

7500 

10.000 

2500 

5000 

7500 

10.000 

2500 

5000 

7500 

rO.OQO 

1000 
2000 
4000 
6000 
8000 

313 

627 

1254 

1881 

2508 

0.06 
0.27 
1.11 
2.52 
4.54 

0.14 
0.56 
2.25 
5    15 
9  37 

0.21 
0.84 
3.37 
7.73 
14.06 

0.28 

1.12 

4.56 

10.62 

20.06 

1000 
2000 
4000 
6000 
8000 

268 

537 

1075 

1612 

2150 

0.05 
0.24 
0.95 
2.16 
3.86 

0.12 
0.48 
.  1.92 
4.38 
7.82 

0,18 
0.72 
2.88 
6.57 
11.73 

0.24 
0.95 
3.88 
8.95 
16.54 

1000 
2000 
4000 
6000 
8000 

236 
470 
941 
1411 
1881 

0.05 
0.21 
0,84 
1,89 
3.38 

0,11 
0,42 
1,68 
3,81 
6,87 

0.16 
0.63 
2.53 
5.76 
10,46 

0,21 
0,84 

3, as 

7,7> 
14.17 

12-TNCH  Pipe. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet. 

Length  of  Pipe  in  Feet. 

'2500 

5000 

7500 

10,000 

2500 

5000 

7500 

10.000 

2500 

5OC0 

7500 

10.000 

2,500 
5,000 
7,500 
10,000 
12,500 

530 
1061 
1591 
2122 
2652 

0.17 
0  70 
1.59 
2.83 
4.45 

0.35 
1   41 
3.15 
6.77 
9.19 

0.52 
2    11 
4.73 
8.66 
13.79 

0.68 

2.84 

6.45 

11.95 

19.69 

2.500 
5,000 
7,500 
10,000 
12,500 

455 

910 

1365 

1820 

2275 

0.15 
0.62 
1.35 
2.40 
3.79 

0.30 
1.21 
2.69 
4.89 
7.76 

0.45 
1.81 
4.03 
7.34 
11.64 

0.59 

2.42 

5.53 

10.05 

16.  19 

2,500 

5.000 

7,500 

10.000 

12,."iOO 

398 

796 

1193 

1591 

1989 

0.13 
0.53 
I.IS 
2.11 
3.32 

0,27 
1.05 
2,37 
4,27 
6.73 

0,39 
1   58 
3,59 
6.46 
10,25 

0.53 
2   11 
4.81 
8  69 
13  S8 

105  pounds  gage,  or  120  pounds  absolute. 
What  will  be  the  terminal  pressure  and  the 
loss  of  head?  The  pressure  here  assumed  is 
not  unusual  in  the  best  practice  of  the  present 
day. 

Note  that  d^  (8")  is  32,76s,  and  p\  (120')  is 
14,400.      Substituting   these    values    the    state- 
ment and  solution  is  as  follows: 
4000^  X  5000 

=  i220=p\—p\=  14,400— /)% 

2000  X  32,768 


Then, 


and 


/'^=:I4,400 — 1220=13,180 


/'2=i  14.80  pounds 
absolute  terminal  pressure ;  hence  the  loss  of 
pressure  is, 

120 — 114.80=5.20  pounds. 

The  foregoing  example  shows  what  may  be 

considered  a  suitable  rate  of  pipe  transmission, 

or  a  flow  which  should  not  be  much  exceeded 

in  practice.     The  free  air  in  this  case  being 
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4(XX)  cuhic   ivv\   iHT  miintif.  and  \\\c  initial  ab  pKtid   (.nly   a   sh^rt    tinu-  aRo;   the   heavers   in 

solute   pressure   iKiiig  8   atiuospheres,  the   act  the    niiaiitiiiie    had    remained    in    seclusion    so 

ual     volume,    assumiuj^    that     afterooolers    are  hmK  that  they  had  been  entirely  forjj^otten.     A 

used   an«l   that    the   air   is   at    normal    tempera-  few    days    later,   however,    there   ai)peared   an- 

turi'.    will    he   only   500  cubic    feet   per  minute.  other  and  a  larger  dam  of  beaver  manufacture, 

The  volume  content  of  an  S-inch  pipe  is  0.349  below   the  masonry  dam,  and  before  the  men 

cubic    fiet    per    foot    of    length;    therefore    the  awoke   to   what   was   going  on   their  new   ma- 

rate  i^i  tlow  will  be  sonry  dam  was  entirely  submerged.     Inasnnich 

500  ~  0.349  =   1432  feet  as  the  beavers  havi-  made  a  larger  pond  than 

per  minute.     A   hauvly  limit   figure  to  keep  in  the  engineers  had  planned,  the  latter  arc  said 

mind   is  the  round  number   1500  feet  per  min-  to   be    inclined   to   pass   by   the   slight    on   their 

"te.  work  and  to  accept  the  gift. 

The  loss  oi  pressure  will  be  a  little  mort  The  New  Jersey  engineers  may  believe  that 
than  proportional  to  the  squares  of  the  vol-  beaver  dams  are  a  good  thing,  but  out  near 
umes  of  free  air.  That  is,  if  in  this  case  the  Steamboat  Springs,  Colo.,  according  to  another 
volume  of  free  air  had  been  doubled,  making  press  report,  there  is  a  certain  rancher  who 
8000  cubic  feet  instead  of  4000  cubic  feet,  the  has  a  different  opinion.  Beavers  on  his  ranch 
loss  of  head  would  have  been  22.44  pounds  have  dammed  up  his  irrigation  ditch  so  that 
instead  of  5.J0  X  4  =  20.80  pounds.  the  flow  of  water  through  his  land  has  been 
It  is  worth  while  to  note  how  the  pressure  stopped.  Not  long  ago  they  filled  the  ditch 
loss  is  diminished  as  the  pressure  is  increased,  with  such  a  strong  dam  that  it  took  two  men 
due  to  the  reduction  of  volume.  Thus,  in  an  hour  to  demolish  it  and  permit  the  water 
1000  feet  of  i-inch  pipe,  transmitting  50  cubic  to  flow  unobstructed.  The  very  next  night  the 
feet  of  free  air  per  minute,  the  pressure  losses  beavers  did  another  construction  job  only  a 
for  increasing  initial  pressures  would  be  as  few  yards  from  the  first.  That  also  was  de- 
follows  :  molished,  but  to  no  avail,  as  the  beavers  imme- 
Initial  Pressures.                            Loss  of  Press.  diately  erected  another  dam.    As  a  final  resort, 

45  pounds  gage 11.52  pounds.  the  rancher  applied  to  the  State  Game  Com- 

60  pounds  gage •  8.86  pounds.  mission    for    permission    to    kill    the    beavers, 

yS  pounds  gage 7.24  pounds.  claiming  that  unless  this  was  done  they  would 

90  pounds  gage 6.14  pounds.  next  be   damming  up   Bear  River  and  would 

105  pounds  gage 5.33  pounds.  thus    deprive    a   number   of    other    farmers   of 

120  pounds  gage 4.71   pounds.  waters  necessary  for  irrigation. 

^3S  pounds  gage 4.23  pounds. 

150  pounds  gage 3.83  pounds. 

Of  course,  no  tables  can  be  compiled  which  The  Canadian  Pacific  Railway  is  experienc- 
will  cover  the  various  requirements  of  com-  ing  difificulty  at  different  places  between  White 
pressed-air  practice,  but  the  figures  herein  River  and  Cartier  on  account  of  beaver  dams 
given  may  at  least  furnish  a  working  idea  of  being  erected  and  flooding  its  lands.  At  one 
the  probabilities,  and  may  be  of  service  in  a  place  a  dam  was  erected  in  the  centre  of  a  cul- 
general  way  in  preliminary  estimates,  or  may  vert,  and  part  of  the  filling  had  to  be  re- 
serve to  detect  errors  .or  inconsistencies  which  moved  in  order  to  do  away  with  it.  When 
are  apt  to  occur  in  the  most  careful  figuring.  this  was  done  the  beavers  built  another  a  lit- 
No  precise  agreement  with  actual  practice  can  tie  further  down  the  stream,  and  this  also  had 
be  expected,  as  conditions  which  affect  the  re-  to  be  removed  on  account  of  the  backwater, 
suit  are  so  numerous.— Fozt^^r  and  the  Engi-  It  seems  to  be  the  general  opinion  that  the 
fieer.  Government  should  declare  an  open  season  for 

a   year    and    give   the    Indians    and    settlers    a 

BEAVER  DAM-AGES  chance   to   dispose   of  the   surplus  beaver   and 

A  land  company  at  Stanhope,  N.  J.,  recently  otter, 
decided    to    construct   an   artificial   pond    in    a 

section  which  was  being  developed,  and  in  A  centrifugal  milk  tester  burst  Dec.  29,  in 
building  the  dam  the  engineers  tore  down  a  the  laboratory  of  the  New  York  State  Col- 
dam  which  had  been  built  at  the  same  spot  lege  of  Agriculture  .at  Ithaca,  N.  Y.  An  in- 
by   beavers.     The   engineers'   w^ork   was    com-  structor  and  four  students  were  injured. 
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COMPRESSED    AIR    FOR    MINE 
HOISTING 

It  is  getting  to  be  now  quite  generally  real- 
ized by  engineers  that  for  the  larger  prob- 
lems of  power  transmission  compressed  air  of- 
fers often  the  best  ultimate  solution,  and  ac- 
cordingly we  find  it  being  adopted  in  many 
places  in  extensive  open  air  operations  for 
driving  isolated  pumps,  hoists  and  other  ma-  • 
chines  for  which  heretofore  steam  has  been 
the  only  power  thought  of.  The  wisdom  of 
such  employment,  as,  for  instance,  on  the 
Panama  Canal,  the  N.  Y.  State  Barge  Canal, 
in  various  dam  and  waterworks  constructions, 
quarries,  etc.,  cannot  be  questioned.  One  im- 
portant characteristic  of  compressed  air  is  that 
it  costs  practically  nothing  except  when  it  is 
actually  doing  work.  There  is  no  loss  by  con- 
densation or  heat  radiation  and  there  need 
not  be  any  appreciable  loss  by  leakage,  and  it 
can  be  stored  in  at  least  sufficient  volume  to 
be  instantly  ready  for  work  of  an  intermit- 
tent character. 

It  was  therefore  entirely  to  be  expected  and 
should  come  to  no  one  as  a  surprise  that  some 
of  the  larger  copper  mining  companies  are 
now  preparing  to  use  compressed  air  for  driv- 
ing their  large  mine  hoists.  While  this  is  of 
course  a  new  departure,  or  the  extension  of 
compressed  air  service  into  a  new  and  import- 
ant line  of  employment,  it  is  not  at  all  to  be 
regarded  as  a  blind  experiment.  Engineers  in 
these  days  know  what  they  are  doing.  Exper- 
ience has  assured  them  in  advance  that  econ- 
omy, reliability  and  convenience  are  to  be  se- 
cured, although  the  actual  figures  can  only  be 
determined  by  the  records  made. 

The  companies  we  have  now  in  mind  are  the 
Anaconda  Copper  Company  .at  Butte,  Montana, 
and  the  Miami  Copper  Company  of  Arizona. 
The  ultimate  source  of  power  for  the  Miami 
Company  in  this  case  will  be  steam  generated 
by  oil  fuel,  which  in  turn  will  generate  electric 
current,  the  latter  driving  the  compressors 
and  also  other  machinery,  the  air  being  used 
as  usual  for  rock  drills  and  the  usual  deep 
mining  equipment  as  well  as  for  the  main 
shaft  hoists.  The  air  for  the  mine  hoisting 
engines  will  be  preheated  and  also  heated 
again  between  the  compound  cylinders,  which 
of  course  will  greatly  reduce  the  volume  of 
air  required  or  the  actual  power  consumption. 
The  previous  records  of  these  companies  as  to 
hoisting  and  other  service,  which,  it  is  under- 
stood, have  been  kept  with  care  will  give  relia- 
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1)K-   (lata    liM    itunpaiiM 111    willi    tlirsc    lalrr   and 
more   I'lalit'iau-   iiu-lliuds. 


DISASTROUS  AIR-GAS  EXPLOSION 

All  unusual  and  a  |)lirni>ni('iiall>  disastrous 
gas  t'xplo^ion  occiirrcd  W\\  u)  at  the  hattcry 
house  of  substation  Xo.  i  of  the  Now  York 
Central  and  llndson  l\i\ir  1\  \\.  Company's 
now  (Irand  CotUral  station  torminal  in  Now 
York  city.  Thoro  is  a  kirj^'o  stora^o  horo  of 
Pintscli  gas  kopi  for  supplying  tho  train  hght- 
ing  sor\  ico.  and  a  train  not  undor  control 
broke  olT  a  main  gas  pipe  at  a  considerable  dis- 
tance from  the  reservoirs,  so  that  gas  was  es- 
caping f(U-  about  a  half  an  hour  before  it  was 
shut  otT.  It  is  estimated  that  14.CXX)  cubic  feet 
of  gas  escaped  and  mixed  with  air  under  the 
battery  house  and  this  explosive  mixture  was 
by  some  means  ignited,  wrecking  the  building 
and  extending  its  destructive  efifect  for  a  con- 
siderable distance  around,  a  passing  trolley 
car  being  wrecked  and  several  of  its  passen- 
gers killed. 

There  have  been  of  course  many  escapes  of 
gas  in  much  greater  volume  than  this  through 
accidents  to  gas  holders  or  otherwise,  but  the 
gas  has  usually  been  free  to  rise  in  the  air 
and  no  disaster  has  resulted.  The  capacious 
mixing  chamber  which  existed  in  this  case  in 
the  station  excavation  under  the  building  and 
the  igniting  spark,  say  from  an  electric  wire, 
at  the  opportune  moment  comprise  a  combina- 
tion which  sufficiently  accounts  for  the  disas- 
ter. 

Engineeriyig  Xczvs  presents  an  interesting 
computation  showing  the  possible  force  of  ex- 
plosions of  air-gas  mixtures.     It  says: 

Suppose  w^e  take  a  volume  of  100  cu.  ft. 
of  gas  of  600  B.  T.  U.  per  cu.  ft.  calorific  pow- 
er. When  mixed  with  air  in  the  proportions 
for  most  violent  explosion  the  mixture  could 
be  contained  in  a  small  room  about  12  ft. 
cube.  The  total  heat  units  in  this  gas  would 
be  60,000  B.  T.  U.  and  the  total  foot-pounds  01 
potential  energ}^  would  be  60,000  x  772=46,- 
320.000  ft. -lbs.  If  this  gas  were  exploded  in 
small  quantities  behind  a  piston  in  a  gas  en- 
gine cylinder,  something  like  15  to  25  per  cent, 
of  this  could  actually  be  obtained  as  mechani- 
cal energ\';  and  given  proper  mixture,  some- 
thing like  this  energy  will  actually  be  gener- 
ated when  the  gas  is  exploded  in  a  confined  or 
partially  confined  space  and  will  be  exerted 
against  any  obstacle.  This  means  that  only 
100  cu.  ft.  of  gas  exploding  when  mixed  with 


air  may  have  a  potciiiial  destructive  power  of 
over  io,(K)o.ooo  ft. -lbs.  ;  or  it  could  lift  a  struc- 
ture weighing  a  thousand  tons  to  a  height  of 
5   ft. 


AVIATION 

.Moiiilily  publications  an-  nuich  too  slow  to 
kei'p  llu-  public  infonmd  of  the  new  records, 
the  incidents  and  especially  the  accidents  in 
aviation  and  it  is  seldom  that  Compressed 
.Air  Magazine  attempts  to  give  any  "news"  in 
this  line. 

A  height  record  of  11,474  feet  was  reported 
to  have  been  made  by  Archibald  Iloxsey  on 
Dec.  26,  at  Los  Angeles,  Cal.,  with  a  Wright 
biplane  flyer. 

What  is  claimed  as  a  world  record  for 
length  of  flight  with  a  passenger  was  made  by 
Lieut.  Camerman,  near  Paris,  on  Dec.  21,  355 
miles  being  covered  in  5  hours  and  55  min- 
utes without  alighting.  A  Bleriot  monoplane 
was  used. 

An  amateur  aviator,  Cecil  S.  Grace,  on  Dec. 
22,  attempted  to  make  a  trip  by  aeroplane  from 
Dover  to  Calais  and  return.  The  first  half 
was  safely  made,  but  on  the  return  the  ma- 
chine disappeared  in  the  fog  and  no  trace  has 
been   found. 

On  Dec.  28,  at  Issy,  France,  an  aviator 
named  Laffant  and  a  passenger  were  killed. 

John  B.  Moisant,  who  was  the  first  to  fiy 
across  the  English  Channel  with  a  passenger, 
and  who  snatched  the  $10,000  prize  from 
Claude  Graham-White  by  his  flight  around 
the  Statue  of  Liberty  in  October,  fell  with  his 
monoplane  at  New  Orleans  on  the  last  day  of 
1910  and  was  killed. 

On  the  same  day  Archibald  Hoxsey,  whose 
height  record  of  a  few  days  before  is  men- 
tioned above,  fell  with  his  biplane  at  Los  An- 
geles and  was  killed. 

Both  these  men  were  trying  to  make  new 
records.  On  the  day  before  Hoxsey  had 
flown  to  a  height  of  10,000  ft.,  passing  over 
Mount  Wilson,  the  highest  peak  of  the  moun- 
tain range  which  rims  the  valley  in  which  the 
cities  of  the  "Orange  Belt"  lie. 

Lieut.  Caumont,  of  the  French  Army  Avia- 
tion Corp,  fell  from  a  height  of  60  feet  at  Ver- 
sailles on  Dec.  30,  while  trying  a  new  mono- 
plane, dying  a  few  hours  after  the  accident. 

A  distance  record  for  aeroplane  flight  in 
1910  was  made  by  Maurice  Taberteau.  In  a 
continuous  flight  of  7  hours  45  min.,  362.7 
miles  were  covered. 
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TRADE  PUBLICATIONS 

George  Oldham  &  Son  Co.,  Frankford,  Phil- 
adelphia, Pa.  Catalog  C.  52  pages  and  cover, 
6xg  inches.  Describes  Pneumatic  Tools  and 
Appliances,  and  shows  them  in  use. 

Temple-Ingersoll  Electric-Air  Rock  Drills, 
Instructions  for  Installing  and  Operating  witii 
Duplicate  Part  Lists,  Ingersoll-Rand  Company, 
Ti  Broadway,  New  York,  36  pages  and  cover, 
6x9  inches. 

Bentz  System  Company,  Newark,  N.  \ ., 
20  pages  and  cover,  6x9  inches.  Describes  ap- 
paratus for  air-washing,  ventilating  and  heat- 
ing purposes,  with  full  page  half-tones  of 
buildings  where  it  is  installed. 

Buffalo  Forge  Company,  Buffalo,  N.  Y. 
General  Catalogue  No.  178.  304  pages,  6x9 
inches.  Describes  and  gives  full  details  of  the 
variety  of  machinery  manufactured,  forges, 
blowers,  blacksmith's  and  boilermaker's  tools, 
woodworker's   tools,    etc. 

Blaisdell  Machinery  Company,  Bradford, 
Pa.,  The  Blaisdell  Automatic  Sewage  Ejector 
Catalogue  50  pages,  6x9  inches.  This  ejector  is 
operated  either  by  air  or  steam.  Its  mode  of 
operation  and  details  of  installation  are  de- 
scribed with  some  fine  photos  of  prominent 
buildings  in  which  it  is  used. 

Ingersoll-Rand  Company,  11  Broadway, 
New  York.  Class  "PB"  Duplex  Power  Driv- 
en Air  Compressors,  Form  No.  3007,  24  pages, 
6x9  inches.  This  class  of  machines  are  de- 
scribed in  detail  with  tables  of  principal  di- 
mensions. The  drive  is  either  by  belt  or  rope, 
ard  compression  is  either  single  or  two  stage 
with  efficient  intercooling  and  close  regula- 
tion of  output. 

Baldwin  Locomotive  Works,  Philadelphic.. 
P?..,  Record  No.  68.  36  pages  and  cover,  6x9 
inches.  Mallet  Articulated  Locomotives.  These 
novel  and  interesting  machines  are  described 
and  beautifully  illustrated,  the  largest  type 
having  two  complete  engines  with  compound 
cylinders  and  four  pairs  of  drivers  to  each 
or  eight  pairs  of  drivers  to  the  complete  lo- 
comotive with  a  total  weight,  with  tender, 
of  700,000  lbs.  and  a  tractive  force  of  96,000 
lbs. 

The  Bristol  Company,  Waterbury,  Conn. 
Bristol's  "Recording  Gages,  48  pages,  8xioyi 
inches.  This  catalogue  not  only  describes  and 
illustrates  a  great  variety  of  gages  but  gives 
a  much  greater  ranger  of  graduations  for  dif- 
ferent  lines  of   service,   reaching  all   pressures 


from  a  perfect  vacuum  to  the  highest  obtaina- 
ble, with  readings  in  inches  of  water,  inches  of 
mercury,  ounces  or  pounds  per  square  inch, 
atmospheres,  etc.,  with  all  possible  gradua- 
tions  under   the   metric   .system   also. 


A   MANUFACTURER'S    LIBRARY 

The  Commercial  Bureau  Company  ha-s  an 
elegant  and  spacious  apartment  in  the  Hudson 
Terminal  Building,  50  Church  street,  New 
York,  which  is  fully  equipped  as  a  Manufac 
turer's  Record  or  Reference  Library,  It  is 
free  to  all  who  wish  to  consult  matter  on  file. 
Out  of  town  visitors  are  invited  to  use  the 
library  for  headquarters.  There  are  free  desks 
or  rooms  for  the  temporary  use  of  Manufac- 
turers or  buyers,  with  all  the  usual  facilities 
for    business. 


ROCK    TEMPERATURES    AND    DEPTH 

Attempts  are  being  made  to  compare  and 
reconcile  the  temperatures  at  different  depths 
in   different  parts  of  the  earth. 

At  Witwatersrand  mines  (South  Africa") 
rock  temperatures  were  taken  at  intervals  of 
1000  feet  showing  temperatures  varying  from 
68.75  degrees  F.  at  1,000  ft.,  to  102.35  degrees 
at  8000  ft.,  or  a  general  rate  of  increase  of  r 
degree  for  each  250  ft.  of  depth. 

In  the  Lake  Superior  copper  mining  field 
the  rate  of  increase  is  given  as  i  degree  for 
each    209    ft   of   depth. 

At  the  St.  John  Del  Rey  mine,  Minas  Gares, 
Brazil,  an  average  increase  is  shown  of  1  dt 
gree  for  approximately  every   156  ft.  of  depth 
down  to  a  depth  of  4024  ft.,  the  rock  at  that 
depth   having  a  temperature  of  95   degrees  F. 

At  Bendigo,  Victoria,  Australia,-  the  rock 
temperature  is  given  as  no  degrees  1'.,  at 
a  depth  of  4000  ft.,  and  that  of  issuing  water 
at  the  same  depth  as  114  degrees  F.  At  the 
Adelbert  mine  in  Bohemia,  where  silver-lead 
ores  are  mined,  the  rock  temperature  is  113 
degrees  F.  at  a  depth  of  3600  ft.  At  the 
Kalgoorlie  mines,  Australia,  observed  rock 
temperatures  show  practically  no  variation  be- 
tween 1400  ft.  and  2300  ft.,  the  temperature 
at  each  point  being  given  as  84  degrees  F.  At 
two  intermediate  points  (1700  ft.  and  2000 
ft.)  83  degrees  F.  is  recorded. 

The  easiest  and  most  obvious  conclusion 
from  these  figures  is  that  no  general  rule  can 
be  given  for  the  increase  of  rock  temperarurco 
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with  (Kptli,  tlu-  iiicrc:iM'  hiiiii;  (Ktirininctl  by 
local  coiulitiDiis.  Wlun.  Iiowcvor,  il  is  romoin- 
bcrcd  tli.it  tlir  pri'alcst  (U^pth  ^ivrn  alxivi-, 
8000  It.,  is  only  o.{X)0.^  of  tlu-  rarth's  radius  110 
rcliahK'  a\ora,uo  coiilil  he  c\pi'clo(l.  'Ilic  gen- 
eral tact  ot'  tin-  iiuTi-aso  of  ti'inpcratiiro  is  all 
that    wo  ai*.-   sure  of. 


/TBt 


FIG.    1. 


FIG.    2. 


AERATING    WATER    FOR    AQUARIUM 
AND   OTHER  USES 

A  simple  way  of  producing  air  pressure  suf- 
ficient to  aerate  water  is  by  the  use  of  a  siphon 
as  show^n  in  Fig.  i.  The  siphon  is  made  of 
glass  tubes,  the  longer  pieces  being  bent  on 
one  end  as  shown.  The  air  receiver  and  regu- 
lating device  are  attached  to  the  top  end  of  the 
lower  tube,  as  shown  in  Fig.  2.  The  receiver 
or  air  inlet  is  the  most  important  part.  It  is 
made  of  a  glass  tube,  ^  in.  diameter  and  5  in. 
long.  A  hole  is  filed  or  blown  through  one 
side  of  the  glass  for  the  admission  of  air.  The 
ends  of  the  smaller  glass  tubes  are  passed 
through  corks  having  a  diameter  to  fit  the  ends 
of  this  larger  tube.  The  ends  of  these  tubes 
should  be  so  adjusted  that  the  continuous  drops 
of  water  from  the  upper  will  fall  into  the  tube 
below.  The  succession  of  air  bubbles  thus  im- 
prisoned are  driven  down  the  tube  and  into  the 
tank  below. 

The  regulator  is  placed  in  the  tube  or  siphon 
above  the  air  receiver.  Its  purpose  is  to  re- 
tard the  flow  of  water  from  the  siphon 
above  and  make  it  drop   rapidly.     It  consists 


ol  a  rubber  coniuctinj.;  tubi-  with  two  flat 
pieces  of  wood  clam|)f(l  over  the  center  and 
adjusted  with  screws.  Thi'  apparatus  is  started 
by  clamping  the  rubber  tube  tightly  and  then 
exhausting  the  au"  in  the  siphon  tube,  then 
placing  the  end  in  the  n|)per  reservoir  and  re- 
leasing the  clamp  until  the  water  begins  to 
drop.  If  the  reservoir  is  kept  filled  from  the 
tank,  the  device  will  work  for  any  length  of 
time. — /'of^iilar  Mechanics. 


PNEUMATIC     BOILER-TUBE    SCALER 

There  is  now  being  manufactured  in  Birm- 
ingham, England,  a  pneumatic  tube  scaler. 
This  scaler  consists  of  a  special  pneumatic  ham- 
mer of  a  size  to  permit  it  to  pass  easily  through 
the  tubes.  At  the  end  that  enters  are  fitted  six 
vibratory  cutters,  arranged  in  a.  circle  around 
a  central  ram  and  anchored  by  lugs  to  an 
internal  collar  at  the  front  end  of  the  tool,  the 
interior  of  the  cutter  circle  being  coned  to  re- 
ceive the  blows  of  the  coned  fore  end  of  the 
piston  or  hammer.  The  device  is  valveless 
and  the  ram  is  its  only  moving  part.  It  is 
designed  to  give  from  2,000  to  3,000  strokes 
per  minute,  and  it  is  said  that  it  can.  be  regu- 
lated to  anything  within  that  range  by  the 
pressure  of  air  employed ;  that  it  requires  an 
average  working  pressure  of  80  pounds,  and 
that  by  throttling  the  supply  the  blows  may 
be  regulated  to  suit  any  particular  degree  of 
hardness  or  thickness  of  the  scale.  In  oper- 
ation the  longitudinal  blows  of  the  hammer 
shank  cause  the  cutters  to  deliver  correspond- 
ing circumferential  blows  against  the  lining  of 
scale  on  the  interior  of  the  tubes.  The  sep- 
arated scale  is  blown  ahead  by  the  exhaust  air. 
The  tools  vary  in  size  from  ^  to  7  inches  in 
diameter.  The  design  of  the  tools  varies 
somewhat  for  other  uses  of  a  similar  kind. — 
Consular  Reports. 


ELECTRIC  AIR  HEATERS  FOR  ROCK 
DRILLS 

R.  G.  Mackie,  in  the  Journal  of  the  Trans- 
vaal Institute  of  Mechanical  Engineers  dis- 
cusses the  use  of  small  electric  air  heaters. 
He   says : 

The  air  temperature  at  the  drills  would  be 
higher,  and  the  expansive  effect  of  the  hot  air 
used  to  advantage.  The  compound  rock  drill 
would  then  have  an  increased  economy  over 
the   single-cylinder  drill ;   the   exhaust  temper- 
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ature  would  probably  be  low  enough  as  to  not 
affect  the  temperature  of  the  mine,  and  these 
drills  would,  in  all  probability,  be  more  used. 
The  radiation  losses  would  be  more  easiljr 
maintained,  as  the  expansion  and  contraction 
would  only  take  place  in  comparatively  small 
pipes.  In  the  case  of  large  rigid  pipes  with 
heaters  for  the  entire  air  supply,  the  expansion 
effect  of  the  hot  air  would  cause  much  trouble, 
and  expensive  expansive  joints  and  bends 
would  have  to  be  inserted  in  the  mains.  Un- 
less these  large  mains  were  covered  with  some 
non-conductor  of  heat,  the  radiation  losses 
would  be  great,  thus  tending  to  increase  the 
mine  temperature,  so  that  everything  is  in'  fav- 
or of  small  heaters  close  to  the  work. 

The  quantity  of  heat  .available  from  an  elec- 
tric current  which  passes  through  a  high  re- 
sistance is  proportional  to  the  current  squared 
multiplied  by  the  resistance,  or  C^R.  By  rais- 
ing the  temperature  of  the  air,  the  amount  of 
work  it  is  capable  of  performing  becomes  pro- 
portionally greater,  and  when  a  cheap  elec- 
trical supply  is  placed  at  the  disposal  of  the 
mines  the  re-heating  of  compressed  air  un- 
der  ground   will,   I   hope,   become   economical. 


A  SUBMARINE  ENDURANCE  TEST 

How  long  crews  of  submarines  can  remain 
under  water  without  a  renewal  of  air  was 
sought  to  be  determined  by  a  somewhat  un- 
pleasant experiment  to  which  the  men  of  the 
Danish  submarine  boat  Dykkeren  (Diver) 
have  been  subjected.  The  crew  numbered  elev- 
en, and  for  these  65  cubic  meters  of  air  was 
available.  An  adult,  scientists  say,. needs  half 
a  cubic  meter  of  air  an  hour,  but  it  was  found 
that  in  an  enclosed  space  air  deteriorates  so 
rapidly  that  a  calculation  based  on  this  figure 
does  n-ot  hold  good. 

The  Dykkeren  remained  under  water  for 
twelve  hours,  but  only  nine  of  these  the  crew 
passed  in  comparative  comfort.  After  that 
the  vitiated  atmosphere  necessitated  quickei 
and  quicker  breathing  to  provide  the  necessary 
amount  of  oxygen,  and  the  sailors  became 
seized  with  a  gradually  growing  sense  of 
terror.  They  held  out  bravely,  but  toward  the 
end  they  found  themselves  unable  to  speak  ex- 
cept by  a  supreme  effort  of  will. 

Then  the  order  was  given  to  ascend,  and 
the  men  tumbled  over  each  other  in  their  anx- 
iety to  get  at  the  fresh  air.  Eye-witnesses  say 
that  they  lay  about  the  deck  gasping  like  fish 


out  of  water.  The  quick  return  to  normal 
conditions  had  bad  effects,  for  the  sudden  in- 
cursion of  fresh  air  into  the  lungs  caused  a 
very  painful  burning  sensation  which  did  not 
leave   them    for   some   time. 


SKILL  OF  OIL  WELL  DRILLERS 

Drilling  oil  wells  is  a  business  concerning 
which  technical  literature  has  had  little  to  say. 
In  general,  the  work  has  been  in  charge  of 
mechanics  rather  than  engineers,  and  there  are 
so  many  ways  in  which  a  driller  can  either 
help  or  hinder  the  work  that  the  men  have 
generally  been  given  a  free  hand.  Usually, 
too,  when  a  field  is  under  development  speed 
is  all-important.  Competent  drill-men  have 
had  neither  time  nor  inclination  to  write  of 
their  work.  It  should  be  remembered  that  the 
drill  crew  works  in  the  dark.  It  is  impossible 
either  to  see  the  bit  at  work  or  to  examine  the 
hole  when  completed  and  determine  just  what 
was  the  difficulty.  Among  other  notable  things 
accomplished  under  these  conditions,  are  the 
handling  of  a  free-swinging  column  of  eight- 
inch  pipe  half  to  three-quarters  of  a  mile  long; 
passing  such  a  pipe  to  one  side  and  around 
broken  casing  or  tools  in  the  bottom  and 
continuing  the  hole ;  cementing  off  heavy  flows 
of  water  nearly  a  mile  below  the  surface; 
picking  up  from  the  bottom  broken  tools; 
underreaming  so  as  to  advance  casing,  and 
many  other  equally  striking  things.  In. Cali- 
fornia, wells  have  been  completed  where  the 
pipe  was  broken  and  passed  seven  times,  and 
yet  a  casing  was  landed  successfully  at  the 
bottom.  The  technical  achievements  of  the 
oil-men  deserve  more  notice  than  they  have 
received. — Minina:  and  Scientiiic  Press. 


NOTES 

Calumet  &  Hecla's  recovery  of  copper  from 
its  conglomerate  lode  is  now  only  29  lbs.  to 
the  ton,  just  about  half  what  it  was  10  years 
ago,  and  the  cost  of  getting  ore  to  the  surfaoi 
has   steadily  increased  with  depth. 


•  With  a  nozzle  i^  inches  in  diameter  and 
a  pressure  of  100  pounds,  a  stream  of  water 
can  be  thrown  vertically  103  feet,  or  hori- 
zontally 96  feet  and  will  discharge  674  gal- 
lons of  water  per  minute. 


Those  interested  in  the  conservation  of  nat- 
ural  resources  will  be  encouraged  by  English 
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pn-ss  accounts  of  tlK*  i'\tni.sii»ii  i>i  the  Vork- 
.sliiif  coalfithls.  which  inthcatf  tlial  llicy  have 
35. ooo.fxxMHH)  iiuuo  iDiis  of  coal  avaih'iblc  for 
niiiiin.n  than   was  suppt)secl. 


Ihr  roar  of  the  air  exhaust  of  a  C'aiiuroii 
siiikiii.u  pmiip  which  is  used  to  unwater  the 
^haft  oi  the  Ihutc-Alex  Scott  Copper  Com- 
pany at  Butte.  Mont.,  has  been  ehniinated  by 
passinj;-  the  spent  air  throu.nh  a  check  v.'dve 
into  tile  water  or  discharge  colutun. 


Baccarat,  1- ranee,  has  the  honor  of  pro- 
ducing the  tirst  glass  that  is  unbreakable.  The 
new  process  has  been  successfully  applied  to 
the  manufacture  of  lamp  chinmeys  for  use  in 
coal  mines  containing  nuich  firedamp.  The 
glass  makers  of  Baccarat  have  also  succeeded 
in  increasing  the  elasticitv  of  the  glass. 


New  York  is  the  center  of  the  great  piano 
industry  of  the  world.  In  the  year,  1909,  the 
output  of  pianos  alone  was  valued  at  over  $25, 
000.000 ;  representing  180,000  instruments. 
Every  conceivable  class  of  musical  instrument 
is  manufactured  in  this  city.  The  two  largest 
piano  factories  in  the  world  are  located  in 
•i-ittle   Old    Xew   York." 


The  most  highly  civilized  people  on  earth 
use  the  largest  (luantities  of  sugar  per  capita. 
The  consumption  of  sugar  increases  with  the 
wealth  and  refinement  of  a  nation.  England 
and  tlie  United  States  use  sugar  in  much  larg- 
er quantities  than  any  other  country  in  the 
world.  The  average  consumption  of  sugar  per 
capita  with  the  people  named  is  more  than 
seventy-five   pounds    per   year. 


In  a  large  colliery  district  close  to  ]\Ian- 
chester  a  great  number  of  miners  travel  b^ 
train  to  and  from  their  work.  On  arriving  at 
the  station  the  smokers,  and  that  means  prac- 
tically every  one.  stick  their  pipes  into  vari- 
ous corners  and  holes  of  the  platform  wood- 
work. There  they  remain  till  going  back 
time,  when  each  man  always  finds  his  pipe 
just  as  he   left  it. 


The  official  records  show  that  eighty-two 
million  dollars  worth  ($82,000,000)  of  mer- 
chandise originating  in  the  United  States 
crossed  the  Isthmus  in  1909,  which  sum,  it 
mav   be   assumed,    will   be   much    increased   as 


soon  as  the  ranal  is  ()])ened,  saying  nothing 
of  what  will  he  coining  In  ihc  United  States 
over  the  same   route. 


It  has  always  been  thought  that  the  disin- 
tegratioji  of  stone  was  the  result  oi  heat  and 
cold  and  corrosion  caused  1)\'  the  weather.  A 
scientist  has  ])ro\rd  that  it  is  really  caused  by 
a  germ,  and,  when  stone  is  treated  with  an  in- 
sect ieidr  \\\r  disintegration  ceases.  All  this 
leads  to  the  inevitable  conclusion  that  there  is 
either  vegetable  or  animal  life  in  the  stones, 
and  if  in  stone  where  does  life  cease? 


The  Baltimore  &  Ohio  Railroad  has  erected 
a  new  double-track  steel  bridge  over  the 
Cheat  River  at  Rowlcsburg,  W.  Va.  The 
bridge,  consisting  of  two  spans  of  115  and  125 
feet,  respectively,  was  put  together  nearby,  and 
when  all  was  ready,  hydraulic  machinery  was 
employed,  the  old  bridges  were  removed  and 
the  new  bridge  was  rolled  into  place,  all  withui 
20  minutes,  and  without  delay  to  traffic. 


Grouting  the  surface  of  concrete  in  order 
to  make  it  smooth,  leaves  it  subject  to  un- 
equal wear,  owing  to  the  lack  of  uniformity 
in  the  degree  of  hardness  in  such  a  thin  layer 
of  cement.  The  "set"  of  a  thin  sheet  of  ce- 
ment is  not  the  same  as  that  of  a  large  mass. 
For  this  reason  the  tops  of  concrete  blocks 
for  setting  heavy  machinery  should  not  be 
made  "true"  by  grouting,  but  by  dressing  down 
after  the  block  has  set,  in  the  same  way  as 
the  surface  of  a  stone  would  be  finished. 


The  Pennsylvania  Railroad  is  said  to  be  con- 
sidering the  installation  at  Union  Station, 
Pittsburg,  of  a  device  for  registering  automati- 
cally the  number  of  passengers  passing  through 
the  trainshed  gates.  The  apparatus  comprises 
a  stream  of  compressed  air  which  plays  con- 
tinuously across  the  passageway  and  holds 
open  a  circuit,  except  wdien  it  is  interrupted 
by  the  body  of  the  person  traversing  the 
pa«:sageway.  These  interruptions  register  the 
number   of  persons  passing. 


Sir  William  Ramsey  stated  recently  that  the 
cost  of  radium  was  now  $2,100,000  per  ounce, 
which  is  slightly  less  than  a  year  ago,  when, 
in  an  address  at  the  laying  of  the  cornerstone 
of  the  radium  factory  at  Limehouse,  he  said 
that  the  value  of  the  substance  was  $2,500,000 
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an  ounce,  which  was  at  the  rate  of  $90  per 
milligramme.  In  January,  1910,  the  price  was 
said  to  be  $3,000,000  an  ounce.  About  a  year 
ago  there  was  only  a  quarter  of  a  pound  of 
radium  in  the  whole  world,  and  the  quantity 
is  not  much  greater  at  the  present  time. 


Official  tests  of  the  many  valuable  hard- 
woods native  to  Western  Australia  have  made 
known  the  extraordinary  properties  of  yate, 
believed  to  be  the  strongest  of  all  known 
woods.  Its  average  tensile  strength  is  24,000 
pounds  to  the  square  inch,  equalling  that  of 
good  cast  iron.  But  many  specimens  are  much 
stronger,  and  one  was  tested  up  to  seventeen 
and  a  half  tons  to  the  square  inch,  which  is 
equal  to  the  tensile  strength  of  wrought  iron. 
The  tree  grows  to  a  maximum  height  of  100 
feet,  and  has  sometimes  a  diameter  of  2>^  or 
even  3  feet." 


The    consumption    of    silver    in    the    photo 
graphic   industry   is   probably   seldom   thought 
of,   but   it  is  likely  that   at  least  4,000,000  oz. 
are  annually  consumed  in  this  industry.  George 


Eastman,  of  the  Eastman  Kodak  Company, 
says  :  "We  are  now  using  about  125,000  oz.  of 
silver  bullion  per  month.  We  have  no  accur- 
ate means  of  estimating  the  total  amount  of 
silver  used  in  our  industry  in  the  country,  or 
in  the  world,  but  should  imagine  that  altogeth- 
er it  would  aggregate  several  times  this 
amount."  This  use  of  silver  so  disperses  it 
that  it  is  not  recoverable  under  present  prac- 
tice. 


Notwithstanding  its  new  tunnels  under  both 
the  Hudson  and  East  Rivers,  the  Pennsylvan- 
ia Railroad  has  under  consideration  the  con- 
struction of  an  East  River  bridge.  This  was 
made  known  in  a  letter  from  Vice-president 
Samuel  Rea,  as  read  before  the  Municipal  Art 
Society,  of  New  York.  'T  hope  that  before 
very  long,"  he  writes,  "our  company  will  be 
actively  engaged  in  the  construction  of  the 
bridge  across  the  East  River,  and  we  will 
take  all  steps  in  our  power  to  make  this  bridge 
not  only  impressive  because  of  its  proportions, 
but  beautiful  in  its  design,  and  a  monumental 
feature  of  the  City  of  New  York." 


Pneumatic  Patents,  December  6. 
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LATEST    U.   S.    PATENTS 

/'/<//  sf>ccifications  ami  draivings  i  f  any  pat- 
ent may  be  obtained  by  sending  £ve  cents  {not 
statnps)  to  the  Commissioner  of  Patents, 
IVashiiigton^  D.  C. 

DECEMBER   6. 

977.4:»:i.    SANI)-liL.\S'r  DEVICE.     Ai.ukkt  John, 

Jr..   \Vauk«'^aii.  111. 
977.r.L'S.      AEKOI'L.WIO.      AUGUSTUS    i\    W.    .Mac- 

.MANl's.    Sail    .\iit(>iii(>,    Tex. 
977.:.45t.        CO.MIUXIOI)     AlH-HII-'LE.     RUBinni 

BALL.       \N1>      rni'-dUN.        El{.\KST     S.      Uoic. 

IMvmoiith.    .Mich. 

9 7 7. :>■.;•).        ori:.\\    -   Aiitsnii'.         hkinhold 

SoH.MiKruK.w    Lrdvard,   Iowa. 
977. .".74.       KLriD-AC'TUATED    MOTOR.       John 

S    \Vaki>,   Chicago,   111. 
977.662.     COMPRESSOR.  John  Levey,  Chicag*. 

111. 


.sal«!  pJHton  .struct lire  In  opposite-  directions,  said 
iiHau.M  «-omprl.s|ii>;^  a  pair  of  pressure-controlled 
\alv«'.s.  and  pn-ssiin-  contHctlons  for  said  prea- 
siMf-cttntrullcd    valvcH. 

'.t77.SJ(5.  PNIOI'MATIC  Tool..  Ki;i.\  iioi.i)  A. 
NuiiMNO.  Aurora,  111. 

!t77.N4!>.  PNI'ILIMATIC  ELIOVATOR.  CIkougb 
Bkhnkht  and  Jacou  Beu.mcht,  South  (Jennan- 
town,    Wis. 

977,.sr.G.       AIR-HKAK!':     SYSTEM.       John     Dil- 

I.ANOKH,    Temple,    T«X. 

:i77..s;m.     i'Ni-:r.MATi('  dkill.    Jonah  l.  Mit- 

t'liKi.L,    Denver,    Colo. 
977. inc.       Alli-I'lhVll'.       Sa.muki.     R.     Wii.i.ia.ms, 

Oherlln,   Ohio. 
it77.91>7.       I''LVIN(;-MACI  11X10.       EuwAKO    Bkht- 

uoi.K,    Watkins,    N.    Y. 
!»7.S.()()S.       AIR-t:()()LIX(;     .MM'AKATUS.       (iEN- 

.NAHO    DUAMKS.    Hrooklvii,    X.    Y. 
!»7S.()6L'.         AIil-('().\ll'ltlOSSIX(;       APPARATUS. 

Pekoy  Rus.sicli,,  Xe\v   York,  X.  Y.,  and  Adolph 

W.   ScHKAM.M,    Riv<rton,   N.  J. 
978,071.      PNEUMATIC    COUPLING.      David    B. 

^"^ANLKY,   Maine  Prairie,   Minn. 
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Alfred    S.    White,    Chi- 
Jo- 


977,690.      GAS-PU:\IP. 

cage.  111. 
977.731.  THER:\I0DYXAMIC  MACHINE. 
seph  Emile  Haexxig,  Belfort,  France. 
1.  In  the  transformation  of  heat  into  motive 
force,  the  proces.s  which  consists  In  successively 
compressing,  heating,  expanding  and  cooling  a 
part  of  a  motive  fluid,  driving  a  motor  by  the 
expanding  of  said  part  of  the  motive  fluid,  and 
submitting  another  part  to  vaporization  and 
tlien  to  condensation,  by  communication  of  heat 
units  from  it  to  said  first  part. 
977. Sll.       PRESSURE-REGULATOR.       JACQUES 

Maxdet.    Paris,    France. 
977. S23.      CONTROLLIXG-VALA'E   FOR   PUMP- 
ING  SYSTEMS.      Fraxcis   S.   Miller,   Indian- 
apolis, Ind. 

1.  A  controller  for  air  lift  systems  comprising 
a  main  valve,  a  piston  structure  for  shifting  the 
same,  a  valve  controlling  the  flow  of  motive 
fluid  to  said  piston  structure,  a  piston  structure 
connected  with  said  second  valve,  and  means  for 
controlling  the  flow  of  motive  fluid  to  and  from 


DECEMBER    13. 

978,167.  PORTABLE       VACUUM-CLEANER. 

Cadwallader   W.   Kelsey,   Philadelphia,   Pa. 

978,194.        MOTOR-COMPRESSOR.        Bruxo     V. 

Nordberg,  Milwaukee,  Wis. 

1.  In  a  motor-compressor  the  combination  of 
an  alternator,  a  synchronous  motor,  and  an  en- 
gine provided  with  means  for  converting  it  from 
a  compressor  into  a  motor  and  vice  versa,  and 
having  a  power  transmitting  connection  with 
said   synchronous  motor. 

978,198.      PNEUMATIC-DESPATCH-TUBE    AP- 
PARATUS.      Albert     W.     Pears  all,     Lowell, 

Mass. 
978,2.58.      AIR-PUMPING  APPARATUS.  ERNEST 
.  L.   B.  ZiMMER,  Minneapolis.   Minn. 
978.271-2.      PNEUMATIC    -    DESPATCH  -  TUBE 

APPARATUS.       James    T.     Cowley,     Boston, 

Mass. 
978,313.         PUMP      FOR      MEDICATING      AIR. 

James  A.  Lee,  Bellsville,  Ohio. 


COMPRESSED  AIR  MAGAZINE. 
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978,381.      SUCTION-FILTER.      Harry    E.    Kier, 

Colorado  Springs,  Colo. 
978,433.       WINDMILL.       John     W.     Coleman, 

Madrid,  Iowa. 
978,484.      l^LUID    -    PRESSURE    -    OPERATED 

TOOL.     William   Prellwitz,  Easton,   Pa. 
978,561.      FUME-PRODUCING  DEVICE.   Peter- 
son  H.   Cherry,  Los  Angeles,   Cal. 
3.     A  fume  producing  device  comprising  a  re- 
ceptacle for  containing  tlie  fume  producing  ma- 
terial  and  a   pneumatic  device   connected   thereto 
to  draw  air  into  or  expel  it  from  the  receptacle, 
said   pneumatic   device   composing  a   closed   case 
communicating  witli   said   receptacle  and  having 
a    portion    movable    inwardly    and    outwardly    to 
vary   the   volume   within    the   case,    a   coil    spring 
within    the    case,    and    a    stud    extending    within 
said  spring  and  serving  as  a  guide  therefor  and 
as  a  stop  for  the  movable  portion  of  the  case. 
978,579.       AIR-VALVE.       Paul    J.     Grebel    and 

William   J.   Theis,   Chicago,   111. 
978,586.       ROCK-DRILL.       Charles     A.     Hult" 

QUiST,   Bisbee,   Ariz. 
978,642.     AIR-RESERVOIR  FOR  MINES.     Pat- 
rick QuiNN,  Forbes  Road,  Pa. 
978,645.  PNEUMATIC        SELECTOR        FOR 

StIORT-WEFT  LOOMS.   Henry  E.  Rathbun, 
W^orcpst^r,   Mass. 


978,935.  MECHANISM  FOR  LIQUEFYING 
AIR  AND  SEPARATING  SAME  INTO  OXY- 
GEN AND  NITROGEN.  James  F.  Place, 
Glen   Ridge,   N.   J. 

978,937.  COMPRESSOR.  George  H.  Reynolds, 
Mansfield   Depot,   Conn. 

978,981.  ROCK-DRILL.  George  R.  Bennett, 
Denver,   Colo. 

979,044.  PNEUMATIC  SPRING.  Ignatius  J. 
Stadelmann,   Los  Angeles,  Cal. 

979.164.  ELECTROPNEUMATIC  TOOL.  John 
Ten   Eyck  Hillhouse,   New  York,  N.   Y. 

979.165.  COMPOUND  COMPRESSED-AIR  EN- 
GINE.    Charles   B.   Hodges,   Pittsburg,   Pa. 

979,210-1.  VACUUM  CLEANING  APPAR- 
ATUS. Lemuel  William  Serrell,  Plainfleld, 
N.    J. 

979,286.  AERIAL  NAVIGATOR.  ROSCOE  C. 
Gore,   Tecumseh,  Nebr. 

979,324.  BLOWER  OR  PUMP.  Frank  J. 
Miner,   Detroit,   Mich 

DECEMBER    27. 

979.435.  VACUUM  STEAM-ENGINE.  Charles 
CoMSTOCK,   West   Stockbridge,    Mass. 

979.436.  VACUUM  SUPPORTING  DEVICE. 
Julian  E.  Corbin,  Alameda,  Cal. 


Pneumatic  Patents,  December  20. 


978.648.  SIPHON     FEEDING     MECHANISM. 
Edwin  A.  Rhoads,  Goodland,  Kans. 

978.649.  VACUUM    CLEANING    APPARATUS. 
Lyman  R.  Roberts,  Rutherford,  N.  J. 

978,749.         CLEANING-MACHINE.        John      N. 

HoLLis,  Macon,  Ga. 

1.  An  apparatus  of  the  class  described,  a  cas- 
ing, a  motor  supported  upon  the  bottom  of  the 
casing,  an  air  storage  tank,  a  fluid  receptacle  in 
communication  with  the  tank  whereby  the  con- 
tents will  be  maintained  under  pressure,  a  pump 
communicating  with  the  storage  tank  for  sup- 
plying air  thereto,  a  hollow  rotatable  tool  shaft 
communicating  with  said  fluid  receptacle,  and 
driven  connections  between  the  motor,  pump  and 
sha't  whereby  the  said  pump  and  shaft  will  be 
simultaneously  operated. 


DECEMBER    20. 

978,916.      PNEUMATIC    CLEANER. 
Matchette,    Milwaukee,   Wis. 


Frank    J. 


979,472.  FLYING-MACHINE.  Fred  Goehner, 
Buffalo,    N.    Y. 

979,579.  UTILIZING  WASTE  HEAT  OF  COM- 
PRESSORS. Frank  Shuman,  Philadelphia, 
Pa. 

1.  The  mode  herein  described  of  utilizing 
waste  heat  of  compressors,  said  mode  consisting 
in  causing  the  exhaust  motive  power  fluid  of  the 
compressor  engine  to  heat  one  portion  of  a 
power-developing  agent  having  a  relatively  low 
boiling  point,  and  causing  the  compressed  fluid 
to  heat  to  a  higher  temperature  another  portion 
of   said   agent. 

979,617.         PNEUMATIC      RIVETING    -    TOOL. 

Christopher    Weatherson.    Chicago,    111. 
979,788.      VACUUM    APPARATUS.      Edward    P. 

NoYES.    Winchester,    Mass. 

2.  Vacuum  apparatus  comprising  an  auto- 
matic internal-combustion  motor  adapted  to 
mechanically  pump  its  combustion-air  charge, 
an  anteriorly-extended  air-suction  pipe  having  a 
plurality   of   suction   inlets   one   of  which   is  pro- 
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vl(lr«l  with  iiMMiiH  for  MpplyiiiK  H"'  molur  suc- 
tion lo  (lie  pci'tdnnancc  t>l  I'Xlfiiial  work,  atnl 
Ihidtt  l<-v;ilv»'S  lor  the  rrspocllvr  inlets  rontioll- 
ahli'  Ml    will. 

y7li.S:!7.      CONDIICTOK'S   \'A!.\'IO    I'oU    l''Li:iI>- 
riUOSSlKI-:    liKAKIOS   AND  SKJNALS.   CuYDK 
('.    I''aumi:k.    iMili'iiKo,    III. 
97l».Sti7.       Al'TOMATU'    CIIIOMICAL    AIK    Lll"!'. 

AIUJPST  LoNc,  HavoMMi'.  N.  .1. 
97y.Slt!».  LIXK-'niKIOADINlJ  I  HON' K 'I-:.  I-'kank 
N.  STKua.Ki>Ki{.  UirhiMOMd,  \'a. 
1.  Ill  a  liiu'  tliiradiiiK  th'Vii'c,  tin'  cnnibin.i- 
tlon  of  a  Iluid  iin-ssurf  supply  pipe  liavinK  :iii 
opt'iiiiiK  tlu'irin  and  providi'd  with  a  discliaiK'' 
iu)/./.l»',  a  l)i;n-ktt  luountt'd  upon  the  rxtt-rior  of 
said  pipt'  in  pi"t)xiiiiity  to  said  opt'iiiiiK.  a  reel 
jounialr«l  upon  said  iM'ackft,  a  lint-  wtumd  iii)on 
thf  it'cl  and  rxtnidiiiK  through  said  oix'iiiiiK 
into  tin-  pipt'  and  tlnMU't'  through  tlu>  i)ip»>  aial 
oxtonially  tlin»uKh  th«'  nozzlr.  and  a  traveler 
conmrted    witli    tlie    free    en«l    of    said    line,    said 


i»7!M*r)7.     i.igiiii>-i':!j':vA'!'iX(;    ai'I'aiiatus. 

<  Jkohok  iJAUTi'oitit  Ikwin,  John   I'iciumval,  Cul- 

i.oN.   ;ind    l''ui:i>i:i(irK    Ivnowi.bon,   ijind.suy,  On- 

liirio,   ('.inada. 

I.  'I'Ik'  eonil)in:it  Ion  with  .111  air  coinpresHor 
:ind  two  (•(•ninression  tanks  arranged  to  he  suh- 
nieiRi'd  in  a  hody  of  water,  cjf  pipes  cotnieciinK 
<  ;ich  l;iid\  with  the  air  cotnpressor.  a  Map  valve 
at  the  hottoin  of  cmcIi  tiink,  a  discliarKi'  pipe 
leadinR  I  roin  eaeli  t.ink.  a  three-way  faucet  lo- 
cated on  e;ich  i»ipe  connecting  the  tanks  with 
the  cornpress(»i'  pi-o\ided  with  sullahl«j  (jperatiiiK 
Jirnis  and  designed  to  he  one  reversely  act  to  the 
otiier,  ,in  in(lep<iident  pijte  leiiditiK  from  ttie 
conipi-essoi-,  ;i  controlling  viilve  conniuiidcatlnK 
witli  this  pipe  conipiisinj^  a  cylinder  i)r-ovided 
with  ;in  uitward  i-xteiision  having  a  lonKiludinal 
passaKc-way  with  a  central  eninr^einent  oppo- 
site the  independent  i)ipe  and  hall  valvt;  therein, 
an<l  Vertically  disposed  end  i)asHaK<'-ways  and 
doul>]e    piston    provided    with    a    connecting    rod, 
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traveler     comprising    a     flexible     stem    carrying 
radially   flexible   disks. 

979,929.  co:mbined  auto:\iatic  and  in- 
dependent RAKE.  Christopher  P.  Cass, 
Maplewood,  Mo. 
979.938.  AUTOMATIC  EMERGENCY-BRAKE 
FOR  AUTOMOBILES.  Emil  Eiselt,  Balti- 
more,  Md. 

1.  An  avitomatic  emergency-brake  for  auto- 
mobiles comprising,  an  air-tank,  an  air-cylinder 
having  its  Inner  end  communicating  with  the 
air-tank  and  having  a  closed  outer  end,  a  piston 
movable  in  said  cylinder,  a  brake  operatively 
connected  to  the  piston,  a  passage  communi- 
cating with  said  closed  outer  end,  and  an  emer- 
gency-valve in  said  passage,  said  cylinder  being 
provided  near  its  ends  with  air  orifices  com- 
municating with  the   air-tank. 


and  spindles  having  passage-ways  leading  there- 
through, tubular  bosses  formed  on  the  ends  of 
the  cylinders  into  which  the  spindles  extend,  a 
pin  extending  from  the  connecting  bar  of  the 
piston  through  a  slot  in  the  cylinder,  an  arm 
connected  to  the  pin  and  a  cross  bar  connecting 
the  arms  of  the  faucets  to  the  arm  on  the  pin 
and  branch  pipes  leading  from  the  cylindrical 
passage-way  in  the  upper  extension  of  the  cylin- 
der to  the  faucets  as  and  for  the  purpose  speci- 
fied. 

980,087.       METHOD    OP    GENERATING    HIGH 
TEMPERATURES.  William        Christian 

FiNCK,  Elizabeth,   N.   J. 
980.138.       PNEUMATIC     CUSHION     FOR     VE- 
HICLES.    George  J.   Bancroft,   Denver,  Colo. 
980,172.     WINDMILL.     William  P.   Brett,   De- 
catur, 111. 
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FIG.   1 

CANDLE  TESTS  OF    AIR  FROM  A 
HYDRAULIC  COMPRESSORS 

BY    F.    W.    MC    NAIR   AND   G.    A.    KOENIG. 

The  recent  discussion  of  the  conditions  in 
certain  mines  at  Cobalt  due  to  the  use  of  air 
compressed  hydrauHcally,  may  lend  interest  to 
an  investigation  made  by  the  writers  in  March, 
1907,  at  the  Victoria  mine,  Ontonagon  county, 
Mich.  It  will  be  remembered  that  a  Taylor 
hydraulic  compressor  of  the  same  type  as  that 
at  Cobalt  supplies  compressed  air  at  this  mine. 

Difficulty  was  experienced  with  the  lights, 
and  we  were  commissioned  to  examine  the 
conditions  produced,  not  only  in  relation  to  the 
lighting,  but  also  with  regard  to  persons  who 
might  work  in  such  air. 

The  fact  that  water  in  intimate  contact  with 
air  not  only  dissolves  it,  but  takes  up  a  greater 
percentage  of  its  oxygen  than  of  its  nitrogen, 


*Paper  read  before  Section  D  of  the  Ameri- 
can Association  for  Advancement  of  Science 
at  the  Minneapolis  meeting. 


FIG.   2.  FIG.  3 

has  long  been  known.  Over  50  years  ago  a 
French  chemist  proposed  to  get  air  for  blast 
furnace  use  which  would  be  richer  in  oxygen 
than  normal  air  by  the  method  of  solution  in 
water.  Each  successive  solution  will  render 
the  dissolved  air  richer  in  oxygen.  Since  the 
hydraulic  air  compressor  delivers,  not  the  air 
dissolved,  but  what  is  left,  it  follows  that  the 
air  delivered  must  be  poorer  in  oxygen  than 
normal  air. 

Naturally  the  matter  of  first  interest  was  the 
oxygen  content  of  the  "compressor  air,"  next, 
whether  its  deficiency  in  oxygen  was  alone  re- 
sponsible for  the  action  of  the  candles,  which 
were  said  to  burn  in  the  mine  from  two  to 
four  times  as  long  as  under  usual  conditions, 
and  lastly,  the  discovery  of  any  deleterious  ef- 
fect on  persons  working  in  such  air. 

Determinations  by  means  of  a  Hempel  pi- 
pette, charged  with  thin  sticks  of  phosphorus, 
showed  an  oxygen  content  of  17.7  volumes  to 
the  100  volumes  of  compressor  air,  whereas 
in  100  volumes  of  normal  air  there  .are  about 
21.0  volumes  of  oxygen.     A  recently  published 
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aii;il.\>i.s  (tf  the  air  hoiu  llu"  Cobalt  coiui)rc'ssor 
^ivi'S  17.7  vnluiiu>  ol  o\yy;fn  lo  loo  <'t  air. 
which  aj^rccs  witli  the  (Ictvnuiiiatiuii  al  \'ic- 
toria.  This  is  what  may  he  cxpcclccl  from  a 
single  s(tlutioii.  It.  out  oi  100  volumes  ot  nor- 
mal air.  the  water  extracts  2.15  volumes  of  ni- 
tri>gen  ami  4.47  volumes  of  oxygen,  the  ratio 
of  solutitui  will  he  that  given  in  the  text  books, 
anil  the  risuhiny  percentage  of  oxygen  will  be 
that  fonntl  by  us.  It  would  at  first  seem  doubt- 
ful that  this  shortage  of  ^-3  volumes  of  oxygen 
could  cause  the  reported  trouble  with  the  lights. 

At  the  time  of  our  investigation  the  Victoria 
mine  operated  a  single  shaft  which  was  in  the 
neighborhood  of  1,500  ft.  deep,  and  in  the  plane 
of  the  Kule.  Some  of  the  drifts  were  long, 
one  breast  being  as  much  as  1,200  ft.  from  the 
shaft.  As  the  mill  was  not  yet  completed,  but 
little  stoping  had  been  done,  and  the  total  vol- 
ume of  the  excavation  was  small  compared  to 
the  average  of  the  Lake  copper  mines.  It 
should  be  noted,  however,  that  the  volume  was 
large  compared  to  that  of  any  mine  at  Cobalt. 

Air  from  the  hydraulic  compressor  had  been 
used  throughout  the  mine  for  several  months 
to  operate  drills,  and  to  ventilate  in  the  usual 
manner  after  blasting.  While  the  upper  part 
of  the  mine  drew  some  air  from  a  shallow  shaft 
used  for  ventilation,  it  was  altogether  probable 
that  the  main  portion  below  was  entirely  filled 
with  compressor  air. 

To  investigate  the  action  of  the  lights  six 
candles  were  chosen,  three  from  each  of  the 
two  kinds  we  found  in  use  at  the  mine,  one 
make  being  supposedly  harder  than  the  other. 
The  six  were  carried  throughout  the  tests  with- 
out discovering  any  difference  between  them. 
As  far  as  possible  the  observations  were  re- 
corded photographically.  To  secure  uniformity 
in  observation,  a  T-shaped  frame,  or  stand,  3 
ft.  wide  by  6  ft.  long,  was  constructed  of  6-in. 
boards.  It  was  laid  flat,  and  on  the  cross-arm 
the  candles  were  spaced  6  ins.  between  centers. 
The  camera  was  placed  at  the  end  of  the  long 
arm  btween  guide  marks.  The  candles  were 
first  lighted  and  observed  on  surface  to  get  at 
the  normal  rate  of  burning,  which  was  judged 
by  the  height  and  general  appearance  of  the 
flame,  together  with  the  cup  at  the  bottom  of 
the  wick.  The  flame  condition  in  normal  air 
is  well  shown  by  Fig.  i.  taken  in  a  room-tem- 
perature of  54  degrees  at  the  ^Michigan  College 
of  Mines,  after  the  observations  at  the  mine. 

On    lighting     these      same     candles     under- 


ground, a  marked  difference  in  their  burning 
was  rc^'ogni/cd,  and,  after  observing  their  per- 
formance in  different  situations,  it  was  easy  to 
accept  the  stalenuiU  of  the  length  of  time  a 
candle  would  burn  in  the  mine.  The  flame  was 
in  every  case  lower  than  normal  and  much 
more  blunt.  The  "tail,"  partly  of  semi-lumi- 
nous and  i)artly  of  sooty  carbon,  so  character- 
istic of  the  llanie  in  normal  air,  was  as  a  rule 
wholly  absent.  The  cup  was  only  meagerly 
supplied  with  melted  max  and  showed  a  froz- 
en appearance  around  the  edge.  We  also  re- 
marked the  ease  with  which  a  candle  could  be 
extinguished  by  a  sudden  sidcwise  movement. 

Two  examples  of  the  photographs  obtain- 
ed in  the  mine  are  shown.  Fig.  2  shows  the 
appearance  of  the  candles  at  the  breast  of 
the  west  drift  on  the  9th  level.  Before  they 
were  lighted  air  was  blown  from  the  hose 
for  about  15  minutes  to  clear  out  fumes  from 
a  recent  blast.  Fig.  3  gives  the  most  con- 
clusive evidence  of  the  effect  of  the  compres- 
sor air  obtained  in  the  mine.  For  three- 
quarters  of  an  hour  a  wide  open  2-in.  main 
delivered  the  air  under  70  -lbs.  pressure  at 
the  breast  of  the  8th  level  west..  The  can- 
dles were  then  placed,  and  the  photograph 
taken.  These  flames  were  undoubtedly  in 
the  purest  possible  compressor  air.  Their 
shortness  and  bluritness  is  evident.  It  is 
w^orthy  of  note  that  while  they  were  being 
photographed  an  acetylene  flame  burned 
brightly  some  2  ft.  away  from  them,  burning 
at  its  maximum  the  entire  timp. 

But  one  more  step  was  necessary  to  fin- 
ish the  demonstration.  In  the  laboratory 
one  of  the  six  candles  was  placed  in  a  box 
with  glass  front,  to  which  was  supplied  al- 
ternately normal  air  and  an  imitation  com- 
pressor air,  having  the  observed  percentage 
of  oxygen,  but  made  in  the  laboratory.  We 
could  reproduce  all  of  the  phenomena  of 
slow  combustion,  low  flame  and  frozen  ap- 
pearance of  the  cup  as  observed  in  the  mine. 
Fig.  4  shows  the  experiment  in  normal  air, 
and  Fig.  5  in  the  imitation  compressor  air. 
The  ^ame  in  the  latter  case  is  less  blunt  than 
observed  in  the  mine,  owing  to  the  stronger 
upward  current,  due  to  the  more  confined 
space,  and  possibly,  owing  partly  to  the 
higher  temperature  of  the  space. 

Evidently  the  deficiency  of  oxygen  in  the 
compressor  air  is  wholly  responsible  for  the 
difificulty  with  the  candles.     The  lower  oxy- 
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gen  content  allows  only  a  slower  combus- 
tion, heat  is  supplied  more  slowly,  the  tem- 
perature remains  lower,  the  wax  melts  at  a 
slower  rate,  and  is  liquid  over  a  smaller 
area.  The  acetylene  flame,  using  an  already 
gaseous  fuel,  is  not  so  dependent  on  the 
rate  at  which  heat  is  supplied,  and  so  suf- 
fers no  visible   diminution. 

Regarding  the  effect  of  this  air  on  per- 
sons working  in  it,  conclusive  evidence  is 
not  so  easily  obtained.  It  is  possible  that 
the  rate  of  breathing  might  be  increased. 
The  psychological  obstacles  in  determining 
this  at  the  mine  were  so  great  that  it  seemed 
futile  to  experiment.  No  one  had  com- 
plained of  working  in  the  air.  There  was  a 
feeling,  indeed,  that  it  was  better  than  the 
air  previously  supplied  from  the  steam  com- 
pressor. With  senses  alert  and  a  keen  de- 
sire to  observe  any  such  phenomenon,  we 
were  wholly  unable  to  discover  any  effect  on 
ourselves  which  could  be  ascribed  to  the 
composition  of  the  air.  Whether  our  exer- 
tions were  mild  or  violent,  our  experiences 
were  in  no  wise  out  of  the  ordinary. 

It  is  interesting  to  note  that  this  solution 
of  air  lowers  what  might  otherwise  be  the 
efificiency  of  the  hydraulic  compressor.  Tests 
made  on  the  Victoria  compressor  by  Pro- 
fessors Hood  and  Speer,  of  the  Michigan 
College  of  Mines,  shows,  that  if  all  the  air 
drawn  in  at  the  intake  were  delivered  com- 
pressed to  114-lb.  gage,  the  compressor  when 
absorbing  1961  hp.  would  show^  an  efficiency 
of   82    per    cent.      If   we    assume,    as    above. 


FIG.    5 

that  6.6  volumes  out  of  each  100  drawn  in 
are  diverted,  the  efficiency  cannot  be  above 
76.6  per  cent. 

Frizell,  in  his  book,  ''Water  Power,"  gives 
an  elaborate  and  interesting  deduction  of 
the  efficiency  of  such  a  compressor,  based  on 
theoretical  considerations,  and  obtains  a  fig- 
ure of  under  70  per  cent. 

The  engineer  who  first  gets  a  commission 
to  make  a  complete  test  of  this  compressor 
will,  when  his  task  is  finished,  be  in  a  posi-" 
tion   to  give   some  very  interesting  and  im- 
portant information. 


THE  ATMOSPHERE  BENDS  EARTH'S 
SHELL 

The  inventor  of  the  seismograph,  primarily 
for  the  study  of  earthquakes,  has  led  to  the 
discovery  of  the  astonishing  sensitiveness  of 
the  crust  of  the  globe  to  forces  that  might 
have  been  thought  too  insignificant  to  cause 
distortion.  Among  these  forces  is  the  altera- 
tion in  the  pressure  of  the  atmosphere  during 
the  passage  of  storms,  causing  a  perceptible 
tilting  of  large  areas  of  ground.  A  curious 
case  of  such  tilting  has  been  recorded  in  Japan. 
A  storm  passing  over  the  sea  east  of  Tokyo 
caused  the  bordering  land  to  tilt  downward, 
notwithstanding  the  fact  that  atmospheric  pres- 
sure is  lessened  within  a  storm  area.  This  is 
explained  by  the  fact  that  the  sea  rises  with  re- 
lease of  atmospheric  pressure,  and  the  accumu- 
lation of  water  more  than  sufficed  to  counter- 
balance the   decrease  in  weight  of  the   air. 
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DANGER     FROM     WATKR   IN    AIR   FOR 
CONVERTERS 

IIV    A.    K.     Ml      KIN/IK. 

It  air  at  a  hi,v,lu'r  (c-in|)rralurr  and  saluraUd 
with  watiT  vapor  is  loniprissi'd.  and  while  bc- 
iii)^  ot»nvo\r(l  for  any  (hstaiuT  has  its  ti'inpcra- 
tinr  maUrially  lowrrod.  then-  is  hound  to  hi-  a 
coiuk'tisalion  of  moisture.  In  the  compression 
of  air  for  converter  work,  under  such  coUvH- 
tions.  there  is  an  ek'nient  of  (hniger  presented. 
Muring  ;n\  experience  in  copper  coiuerting  at 
least  two  glaring  instances  of  this  phenomenon 
have  come  to  my  notice. 

An  exaiigerated  case  occurred  about  four 
years  ago  at  a  smeltery  at  a  high  altitude.  The 
power  house  at  this  plant  was  about  looo  ft. 
awa>  on  the  same  level  as  the  blast  furnace 
feed  floor.  From  the  power  house  the  convert- 
er main  passed  through  a  tunnel  in  the  brow  of 
the  terrace  to  within  70  ft.  of  the  furnace  build- 
ing, whence  it  passed  diagonally  across  to  the 
outside  of  the  converter  crane  track,  when  it 
entered  the  converter  building,  and  from  there 
it  was  curved  downward  to  the  level  of  the 
mouth  of  the  converters,  when  they  were  in 
the  upright  position  in  the  stalls.  Before  reach- 
ing the  converters  the  pipe  was  enlarged  to  a 
diameter  of  about  five  feet,  which  served  the 
purpose  of  a  receiver  or  reservoir.  The  con- 
nection to  each  converter  was  made  from  the 
side  of  this  reservoir,  which  ran  along  behind 
the  converter  smoke  boxes. 

One  rainy  day,  about  two  o'clock  in  the  af- 
ternoon, four  months  after  the  plant  had  been 
in  operation,  I  noticed  water  coming  out  of 
some  tuyeres  which  were  leaking  air  around 
the  ball  valves.  I  immediately  had  all  the  con- 
verters shut  down  in  order  to  ascertain  the 
source  of  this  water.  On  account  of  the  rainy 
weather,  my  first  supposition  was  that  the  wa- 
ter had  got  to  the  intake  of  the  compressor  and 
was  being  pumped  to  the  converters  with  the 
air,  but  I  soon  discovered  that  such  was  not 
the  case.  I  next  made  an  examination  of  the 
five-foot  reservoir  by  tapping  it  with  a  ham- 
mer. From  the  sound  I  judged  it  was  full  of 
water  up  to  the  outlets,  where  the  side  connec- 
tions were  made  to  the  converters.  A  scaf- 
fold was  hurriedly  built  and  an  air-power  drill 
set  in  place.  In  a  few  minutes  a  stream  of 
water  was  running  from  an  inch  hole  in  the 
bottom  of  the  reservoir,  the  total  amount  of 
water  drained  from  this  pipe  amounting  to 
about  100  bbl.    Afterward  I  had  this  hole  fitted 


wilh  a  I  in.  <lrain  \>\\)v,  with  a  \al\e  which  was 
kept  sligiills  open  to  preMiit  a  iicurnnce  of 
what  had  taken  place. 

In  ihi'  (li-si^;n  of  con\crter  plants,  cart 
should  be  taken  not  to  tap  the  converter  air 
main  from  the  bottom,  for  in  case  one  of  the 
converter  stalls  should  be  shut  down  for  any 
length  of  time,  the  air  pipe  leading  from  the 
air  main  to  the  stall  might  fill  with  water,  and 
in  again  putting  this  stall  in  operation,  there 
would  he  danger  oi  an  explosion  unless  the 
collected  water  were  removed.  The  difference 
in  temperature  between  a  hot  engine  room, 
where  a  number  of  machines  are  running,  and 
the  outside  atmosphere,  is  so  great,  especially 
in  cold  weather,  that  condensation  of  moisture 
in  the  pii)es  goes  on  rapidly,  and  may  become 
a  source  of  danger  in  [iny  case  unless  special 
means  of  drainage  are  provided.  It  may  be 
thought  that,  in  plants  in  continuous  operation, 
enough  water  would  never  come  through  the 
main  to  cause  an  explosion,  even  without  any 
special  means  of  drainage,  but  the  following 
may  be  assumed  to  show  that  such  danger  ex- 
ists. 

Suppose  that  one  or  two  converters  have 
been  running  for  some  time,  and  that  some 
condensation  of  water  has  taken  place  in  the 
air  main.  Then,  should  the  number  of  con- 
verters be  increased  to  four  or  five,  as  fre- 
quently happens  in  meeting  changing  require- 
ments of  production,  etc.,  the  volume  of  air 
passing  per  minute  w^ill  be  perhaps  doubled, 
tending  to  form  waves  and  to  sweep  it  into  the 
connecting  pipes,  whence  it  will  pass  into  the 
converters  and  cause  an  explosion.  During  in- 
termittent operation  there  is  no  question  of  the 
danger.  Some  years  ago,  at  another  plant  at 
which  I  w^as  employed,  a  stall  which  had  long 
been  idle  was  again  put  into  service.  The  con- 
verter w-as  connected  in  place  and  charged, 
without  examining  the  piping,  which  had  slow- 
ly collected  condensation  water  back  of  the 
valve.  On  turning  into  the  stack  and  putting 
on  the  air,  this  water  was  carried  into  the 
tuyeres  and  blew^  the  converter  bottom  to 
pieces. — Eng.  and  Min.  Journal. 


Only  two  "horse-powers"  are  recognized 
in  engineering:  the  unit  of  33,000  foot-pounds 
per  minute  and  the  unit  of  4,500  kilogramme- 
meters  per  minute,  which  is  32,549  foot- 
pounds, and  is  known  as  the  metric  or 
French  horse-power. 
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Brake  Horsepower.  Double'<Actms. 

ENGINE    AND    COMPRESSOR  POWER 
CHARTS 

BY    T.    M.    CHANCE. 

One  of  the  most  frequent  calculations  made 
by  mechanical  engineers  is  the  horsepower  of 
engines  and  compressors.  When  rough  esti- 
mates of  the  power  delivered  by  an  engine  of 
certain  dimensions  are  hurriedly  made,  errors 
often  occur  from  the  improper  use  of  the,  for- 
mulas or  quantities  under  consideration.     For 


example,  it  often  happens  that  the  number  of 
revolutions  is  used  as  the  value  of  the  quantity 
N  in  the  formula 

PLAN 


33,000 
instead  of  the  number  of  strokes  per  minute, 
and  in  a  double-acting  engine  this  gives  .a  re- 
sult only  one-half  as  large  as  that  which  should 
be  obtained.  Similar  errors,  as  well  as  arith- 
metical inaccuracies  not  due  to  ignorance,  are 
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of  ci)iniiu)n  (Hiunriur  .iiid  m;i\  U:i(l  t<>  lar^i-" 
discrepancies  Id  iIu'  snl>si(nuiit  roult.  It  oc- 
curred to  ilu'  wriirr  that  it'  a  iur\f,  or  a  series 
of  cur\i->,  enuld  he  »ie\  isi-d  wliieli  would  show 
at  a  R'latice  the  iiuheated  hrake  and  electrical 
output  of  ail  eui^iiu-  nf  au\  si/.e,  stroke,  mean 
ctTictive  pressure  and  revolutions  per  min- 
ute, it  wdtild  he  I'xceedinjily  convenient  and 
useful    to   en.uiniers. 

In    the    ace»»nipanyinR    diaj^jraius    the    horse- 
power ratinii  i^  hised  upon  the  formula 


ri.AX 


:/.   //.    ^ 


Where. 

/^=zMean    etTective    pressure    in    pounds    per 

square    inch  ; 
L— Stroke  in  feet  ; 

.-i=Area  of  the  piston  in  square  inches  ; 
.V=Number    of    strokes    per    minute    (twice 
the  innnher  of  revolutions). 
And, 

I.    h.    p.Xni=Brake    horsepower; 
B.   h.   p.Xe=Kilowott  ratings; 
Where. 

m:=Mcchanial  efficiency  of  the  engine, 
e=Total  efticicncy  of  the  generator. 

In  the  diagram  the  stroke  of  the  engine 
is  laid  ofif  in  inches  instead  of  feet,  and  the 
diameter  is  similarly  measured,  the  inch  be- 
ing the  most  convenient  unit  for  this  pur- 
pose. It  should  be  noted  that  the  horse- 
power varies  directly  with  the  area  of  the 
cylinder,  that  is,  as  the  square  of  the  dia- 
meter ;  hence  the  diameters  must  be  spaced 
proportionately  to  their  squares,  since  they 
graphically  represent  the  areas  of  the  cylin- 
ders. 

The  diagram  is  here  given  on  two  scales: 
Fig.  I  to  be  used  for  engines  up  12V2 
inches  cylinder  diameter  and  30  inch  stroke: 
Fig.  2  including  engines  up  to  25  inches  cyl- 
inder diameter  and  60  inch  stroke. 

Referring  to  Fig.  i.  suppose  it  is  re- 
quired to  compute  the  horsepower  of  a 
12x18  inch  engine  working  under  40  pounds 
mean  effective  pressure  and  running  at  200 
revolutions  per  minute,  the  dotted  line  indi- 
cates the  steps  taken  in  the  solution  of  the 
problem.  Reading  up  the  scale  of  "Stroke 
in  Inches"  to  18  inches.  follo\v  horizontally 
across  to  the  intersection  of  this  line  with 
the  diagonal  line  marked  200  on  the  scale  of 


"Kevolut inn.s  per  Minuti;'  Iimiu  tins  inter- 
section drf)p  vertically  dow  nw.ird  until  the 
diaKoual  line  marked  40  on  the  scale  of 
"Mean  h',lTective  Pressures"  is  crossed;  fol- 
low horizontally  across  from  this  point  to 
till-  line  marked  12  inches  on  the  "Diameter 
in  Inches"  scale  and,  running  vertically  up- 
ward from  this  intersection  to  the  scale  of 
"Indicated  Horsepower,  Double  Acting," 
the  result  is  found  to  be  82.5  indicated  horse- 
power. If  it  is  desired  to  find  the  horse- 
power of  the  engine  running  single  acting, 
it  will  be  found  to  read  41.25  indicated  horse- 
power on  the  lower  scale  of  "Indicated 
Horsepower,    Single    Acting." 

If  the  brake  horsepower  and  kilowatt  ca- 
pacity of  the  engine  is  desired,  assuming  85 
per  cent,  mechanical  efficiency  and  95  per 
cent,  generator  efficiency,  read  vertically  up- 
ward along  the  82.5  indicated  horsepower 
line  to  its  intersection  with  the  diagonal 
line  marked  85  per  cent,  on  the  scale  of 
"Mechanical  Efificiency;"  the  horizontal  line 
passing  through  this  point  shows  the  brake 
horsepower  to  -be  70  on  the  scale  marked 
"Brake  Horsepower,  Double  Acting."  To 
determine  the  electrical  output,  follow  ver- 
tically upward  from  the  intersection  of  this 
horizontal  line  with  the  line  passing  through 
95  per  cent,  on  the  scale  of  "Electrical  Efifi- 
ciency" and  read  50  kilowatts  on  the  scale 
marked  "Kilowatts,  Double  Acting."  The 
same  use  may  be  made  of  the  single-acting 
scales  for  the  brake  horsepower  and  kilo- 
watts output  as  was  done  in  the  case  of  the 
indicated    horsepower. 

Where  refinement  in  the  calculations  is 
desired,  the  decrease  in  power  due  to  the 
reduction  in  effective  area  of  the  piston  on 
account  of  the  piston  rod  and  tail  rod,  if  the 
latter  is  used,  must  be  computed.  This  is 
easily  done  with  these  diagrams  by  consid- 
ering the  piston  rod  and  tail  rod  as  two 
single-acting  engines,  having  a  cylinder  dia- 
meter equal  to  that  of  the  rods  and  work- 
ing in  opposition  to  the  engine.  When  the 
piston  rod  and  tail  rod  are  of  the  same  dia- 
meter they  may  be  considered  as  one  engine, 
running  double  acting.  Therefore,  if  the 
decrease  i*:.  power  caused  by  the  piston  rod 
of  a  lOO-brake  horsepower  engine  amounted 
to  2  brake  horsepower,  the  actual  brake 
horsepower  delivered  by  the  engine  would 
be  98. 
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Brake  Horsepower  -Double- Acting. 

The  diagrams  are  also  useful  in  calculating 
c(ompressor  dimensions.  For  example  a 
compressor  is  to  be  installed  to  develop  660 
indicated  horsepower;  the  stroke  of  the  com- 
pressor is  36  inches,  the  mean  effective  pres- 
sure 40  pounds,  and  the  diameter  of  the  cyl- 
inder 24  inches;  find  the  number  of  revolu- 
tions. The  dotted  line  in  Fig.  2  indicates 
the  steps  take  in  the  solution  of  this  prob- 
lem.    Starting  with  660  on  the  scale  of  "In- 


dicated Horsepower,  Double  Acting,"  drop 
vertically  downward  to  the  diagonal  line 
marked  24  on  the  scale  of  "Cylinder  Diame- 
ter in  Inches."  From  this  intersection  fol- 
low horizontally  across  to  the  diagonal  line 
marked  40  on  the  scale  of  "Mean  Effective 
Pressures"  and  from  this  point  run  vertically 
upward  to  the  intersection  with  the  hori- 
zontal line  passing  through  36  inches  on  the 
scale    of    "Stroke    in    Inches."      A    diagonal 
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line  jiassiii^  throUKli  tluN  iiKcrscotioii  and 
tlif  common  crtitcr  o\  all  tin-  dia^^onal  lines 
gives  tlu-  number  of  re\'olulions.  on  the 
scale  ol  "Revolution^  per  Minute."  wliicli  in 
this  case  is  joo. 

The  diai^rani  nia\-  also  he  used  to  di- 
rectly calculate  the  dimensions  and  power 
(^f  gas  or  oil  engines,  if  of  the  two-stroke 
type,  as  the  horsepower  of  engines  of  this 
type  is  conipnted  by  the  same  formula  as 
that  used  in  steam-engine  calculations; 
hence. 

rt.ix 

I .   h.   />.  =r .  for    double-acting    engines 

/7,./.V 

/.    /;.    Z'.  z= for     single-acting     engines 

33.000X-' 

In  the  case  of  four-stroke  engines  the  re- 
sult obtained  l\v  the  use  of  the  diagram  must 
be  divided  by  two.  as  the  four-stroke  engine 
receives  but  half  as  many  impulses  as  the 
two-stroke  machine,  during  the  same  num- 
ber  of   revolutions;   that  is, 


/.    //.    p. 
I.    h.    p. 


FLAX 
for    double-acting    engines 


33.000X2 
FLAX 


for     single-acting     engines 


33.000X4 


When  determining  the  dimensions  of  a  four- 
stroke  engine  it  should  be  remembered  that 
the  principle  dimensions  of  a  four-stroke  en- 
gine and  those  of  a  two-sttoke  engine  of 
twice  the  power  are  identical;  hence,  read 
twice  the  power  of  the  machine  under  con- 
sideration on  the  horsepower  or  kilowatt 
scales  and  proceed  as  if  the  dimensions  of 
a  two-stroke  engine  of  that  power  were  be- 
ing computed. — Fozvcr  and  the  Engineer. 


The  deepest  gold  mine  in  the  world  not  long 
since  was  that  of  the  New  Chum  Railway 
company  at  Bendigo,  Australia,  down  4.120  ft. 
but  this  has  now  taken  second  place,  the  shaft 
on  the  Victoria  Consolidated,  also  at  Bendigo, 
having  reached  4.600  and  going  to  5.000  ft. 
This  is  deeper  now-  than  that  of  the  deepest 
gold  mine  in  America,  the  Kennedy,  at  Jack- 
son, California,  bv  more  than  1,000  feet. 


SUBMARINE   DIVERS   IN    MINES 

I  lie  usi-  (if  (li\irs  is  a  comparative  novelty 
in  the  West,  llurcfoi'e  the  following  account 
from  Utters  of  llrrbert  A.  Wilcox,  supc-rin- 
tendiiu  of  the  sumggler  Mining  Co.,  at  Aspen, 
Colo.,  and  W.  J.  Stevenson,  managi-r  of  the 
Helena  shaft,  at  Leadville,  Colo.,  dealing  with 
the  work  of  two  sid)marine  divers  in  rei)airing 
submerged  pumps  al  their  respective  opera- 
tions, is  of  interest. 

In  describing  the  work  at  .\spen,  Mr.  Wil- 
cox says  that  the  collar  of  the  I'Vee  Silver 
shaft,  which  is  1,196  feet  deep,  is  8,036  feet 
above  sea  level.  The  first  connection  under- 
ground is  848  feet  below  the  collar  and  is  with 
the  ninth  level  of  the  Smuggler  Mine.  Below 
the  nnith  level,  at  intervals  of  116  feet  each,  are 
the  tenth,  eleventh,  and  twelfth  levels,  the  lat- 
ter being  at  the  bottom  of  the  .shaft.  The  mine 
below  the  ninth  level  has  been  under  water  for 
12  years  except  for  a  few  months  in  1902  when 
it  was  unwjitered  to  the  eleventh  level  for  ex- 
ploration work. 

At  the  lowest  level,  the  shaft  bottom,  is  a 
Jcanesville  32"Xi4"X48"  duplex  plunger  pump 
which,  when  the  mine  was  allowed  to  fill  12 
years  ago.  was  left  with  connections  arranged 
that  it  might  be  started  under  water  with  coni- 
pressed  air.  This  pump  has  not  been  in  opera- 
tion since  that  date  except  during  the  brief 
period  of  exploratory  work  in  1902. 

When  the  present  unwatering  was  contem- 
plated it  was  found  impossible  to  operate  this 
pump,  and  its  action  led  the  management  to 
believe  that  its  packing  had  failed.  As  the 
inflow  of  water  was  great  and  the  shaft  small, 
it  was  found  impracticable  to  unwater  with 
sinking  pumps.  Although  the  flow  of  water  at 
the  eleventh  level  was  at  the  rate  of  1,500  gal- 
lons per  minute  it  was  lowered  to  this  point 
by  means  of  Pohle  air  lifts  and  Starrett  air 
pumps  delivery  to  the  regular  station  pumps 
at  the  ninth  level.  As  the  mine  equipment  was 
insufficient  to  low^er  the  water  beyond  the  elev- 
enth level,  Messrs.  Fred.  Johnson,  diver,  and 
George  Peterson,  tender,  were  called  from 
New  York,  arriving  in  Aspen  on  October  17, 
On  October  23,  when  the  water  was  103  feet 
deep,  its  surface  being  6.943  feet  above  tide, 
the  diver,  after  several  attempts,  reported  his 
inability  to  work  in  this  depth  at  the  altitude, 
although  at  sea  level  he  could  work  in  120  to 
130  feet  of  water. 

A    station    pump   was   then    installed    at   the 
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eleventh  level  and,  with  this  and  the  Pohle 
and  Starrett  pumps  in  the  shaft,  the  water  was 
lowered  to  within  71  feet  of  the  bottom  by 
November  16,  when  the  diver  returned  to  work. 
During  the  next  10  days,  while  the  diver  was 
making  the  repairs,  the  water  was  held  at  a 
depth  of  from  71  to  65  feet.  After  the  long 
submergence  the  packing  in  the  water  plungers 
was  found  to  be  in  fairly  good  condition,  but 
that  in  the  steam  end  was  entirely  gone,  and 
the  piston  rods  were  found  to  be  very  rough. 
By  November  26  additional  packing  had  been 
placed  in  the  water  end  and  all  the  glands 
tightened,  the  steam  end  had  been  repacked 
throughout,  the  rods  smoothed,  all  nuts  care- 
fully gone  over  and  tightened,  and  jam  nuts 
added  where  it  was  necessary. 

The  pump  was  started  the  next  day  on  a 
mixture  of  steam  and  compressed  air  and  has 
been  running  ever  since  with  a  piston  speed  of 
120  to  136  feet  per  minute,  with  the  exception 
of  one  shut-down  of  4  days  and  several  others 
of  a  few  hours  each,  none  of  which,  however, 
was  due  to  any  failure  of  the  pump.  The  div- 
er examined  the  pump  on  December  2,  and 
again  on  the  14th,  each  time  finding  it  advisa- 
ble to  add  more  packing  to  the  steam  end  and 
to  tighten  the  glands.  At  the  date  of  Mr.  Wil- 
cox's letter,  December  18,  the  pump  w.as  work- 
ing nicely,  and  as  there  was  but  10  feet  of  wa- 
ter in  the  station,  he  expected  to  recover  the 
main  pump  in  a  few  days. 

Mr.  Johnson  had  only  been  in  Aspen  6  days 
when  the  preliminary  trials  were  made.  In 
diving  in  103  feet  of  water  he  complained  of 
shortness  of  breath,  panting,  and  inability  to 
exert  himself  without  immediate  and  complete 
exhaustion,  and  described  his  sensations  as  be- 
ing the  same  as  when  working  «at  sea-level  at 
greater  depths.  Mr.  Johnson  estimated  the 
effect  of  the  .altitude  to  be  equivalent  to  that 
of  about  2y  feet  of  water  at  sea  level.  While 
the  repairs  were  being  made  Mr.  Johnson  had 
no  occasion  to  work  under  a  greater  pressure 
than  71  feet  of  water,  and  while  not  certain, 
does  not  believe  he  could  work  in  mountain  re- 
gions at  as  great  depth  as  at  sea  level,  even  af- 
ter becoming  accustomed  to  the  altitude. 

Immediately  after  leaving  Aspen,  Messrs. 
Johnson  and  Peterson  went  to  the  Helena 
shaft,  in  Iowa  Gulch,  Leadville,  the  collar  of 
which  has  an  elevation  of  very  nearly  11,000 
feet,  considerably  above  that  of  the  Free  Sil- 
ver shaft  at  the  former  town.     In  describino- 


the  work  at  the  Helena,  Mr.  W.  J.  Stevenson, 
the  manager,  says  that  when  the  mine  was 
closed  down  some  months  ago  the  valves  of 
the  station  pump  at  the  500-foot  level  were 
left  closed  and  consequently  had  to  be  opened 
before  the  pump  could  be  started  .and  the  low- 
er portion  of  the  shaft  unwatered. 

The  Helena  shaft  consists  of  two  4'  X8'  com- 
partments, in  one  of  which  are  the  pipe  lines 
connected  with  the  pumps,  and  which  are  sup- 
ported by  the  stulls.  Mr.  Johnson  at  first  at- 
tempted to  lower  himself  in  the  pipe  compart- 
ment, but  was  stopped  by  a  pair  of  misplaced 
stulls  just  above  the  pump,  .and  was  unable  to 
get  between  them  and  the  side  of  the  shaft.  A 
second  attempt  was  made  to  get  down  through 
the  hoisting  compartment,  in  which  a  Starrett 
air  pump  was  working.  This  pump  works  en- 
tirely under  water,  and  at  the  Helena  shaft 
had  been  so  placed  that  the  exhaust  took  place 
about  2  feet  above  the  top  of  the  pump.  This 
attempt  also  resulted  in  failure,  as  each  time 
the  diver  got  within  about  4  feet  of  the  exhaust 
he  was  blown  back  by  the  force  of  the  air. 

Unfortunately,  a  Cameron  sinking  pump  had 
been  wedged  across  the  hoisting  compartment, 
just  below  the  station,  so  that  ordinary  sinking 
pumps  could  not  be  lowered.  After  several  at- 
tempts, the  pipes  to  give  the  necessary  sub- 
mergence for  an  ordinary  air  lift,  were  pushed 
past  the  obstructions,  and  when  the  water  had 
been  lowered  to  a  depth  of  50  feet  Mr.  John- 
son was  able  to  descend  and  open  the  valves  in 
the  station  pump. 

It  will  be  noted  that  the  surface  of  the  water 
under  which  the  diver  worked  was  at  Leadville 
10,450  feet,  and  at  Aspen  6,943  feet.  This  dif- 
ference of  3,507  feet  must  have  had  some  effect 
upon  the  ability  of  the  diver  to  work,  but  Mr. 
Stevenson  is  of  the  opinion  that  the  men  la- 
bored under  no  greater  disadvantage  than 
would  any  one  unaccustomed  to  the  altitude. 

While  the  work  required  of  the  diver  at  As- 
pen was  much  greater  than  at  Leadville,  in 
each  instance  most  important  service  was  ren- 
dered, and  portions  of  the  mine  per  force 
abandoned  or  only  recoverable  after  long  delay 
and  great  expense  for  new  machinery,  were 
cheaply  made  available  for  development.  As 
Mr.  Stevenson  justly  says,  the  remarkable  fea- 
ture is  that  the  divers  work  entirely  in  the 
dark,  guided  only  by  their  sense  of  touch  and  a 
thorough  knowledge  of  their  work. — Mines  and 
Minerals. 
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SOAPSUDS  TO    LAY    THE    DUST   IN 
COAL   MINES 

Dr.  Tlionitoii,  Profossor  of  I'-Ici'trioal  Kii- 
ginccriiiL;  at  AnnstrotiK,  College.  Newcastle, 
Enghiml,  has  iiiade  some  interesting  experi- 
ments in  connection  with  the  laying  of  coal 
dnst  in  mines.  Water  has  no  binding  etTect 
upon  thr  ct'al  dnst;  when  the  moisture  has 
dried  up,  and  when  the  dust  has  become  dry 
again,  in  the  event  of  spraying  being  ncg- 
lecteil.  it  ri-turus  to  its  fornur  powdery 
state.  In  some  mines  calcium  chloride  has 
been  tried;  but  while  this  has  certain  ad- 
vantages in  the  way  of  binding  properties,  it 
eon\erts  tin.-  wetted  substance  into  an  un- 
pKasaiU.  sticKN  mixture.  Professor  Thorn- 
ton has  gone  to  work  to  find  something 
which  might  offer  more  satisfactory  results, 
and  his  experiments  have  led  him  to  the  be- 
lief that  an  efficacious  spraying  mixture  can 
be  made  with  soap  and  water.  Dr.  Thorn- 
ton demonstrated  the  excellent  binding 
properties  of  the  mixture  of  soap  and  water, 
and,  further,  he  showed  by  the  experiments 
that  the  whole  question  of  the  wetting  of 
the  dust  was  one  of  surface  tension  of  the 
liquid  used,  and  that  the  water  alone  did 
not  readily  and  entirely  wet  the  coal  dust, 
unless  used  in  very  large  quantites.  The 
mixture  of  soap  and  water,  however,  com- 
pletely wetted  the  dust,  and  turned  it  into  a 
liquified  form  of  mud.  of  which  the  chief  com- 
ponent was  coal  dust.  Therefore,  whilst  with 
water  alone,  as  shown  by  the  French  experi- 
ments, ten  times  the  weight  in  proportion 
to  the  amount  of  coal  dust  is  required  to  wet 
the  dust,  with  the  use  of  a  soap  solution  a 
much  less  quantity  of  spraying  liquid  would 
be  required,  and  the  result  would  be  much 
more  satisfactory  than  w'ith  the  water. 

Important  as  this  is.  it  is  not  the  most 
important  point  of  Dr.  Thornton's  sugges- 
tion. His  demonstrations  show^ed  that  coal 
dust  which  had  been  sprayed  with  water  and 
then  re-dried  could  be  easily  blown  into  the 
air.  Init  coal  dust  which  had  been  sprayed 
with  the  soap  solution  dried  in  a  form  more 
closely  resembling  a  distemper  than  any- 
thing else,  and  this  could  not  be  blown  into 
the  air.  It  could  be  loosened  from  the  sur- 
face upon  which  it  had  been  placed  for  the 
purposes  of  the  experiment,  only  by  rubbing 
with  the  fingers.  In  carrying  out  the  experi- 
ments the   quantities   of  coal  dust  used  were 


far  in  excess  of  the  (pi.-mtities  lunnd  on  a 
proportionate  surface  in  the  pit,  and  the  con- 
sequence was  that  owing  to  the  extra  thick- 
ness of  the  dust  it  could  be  more  readily 
loosened  with  the  fingers  than  would  be  the 
case  with  a  thinner  layer,  such  as  would  be 
met  with  in  practice,  as  Dr.  Thornton  has 
previously  found  out  by  experiment. 

The  results  of  these  experiments  go  to 
show  that  if  a  percentage  of  soap  was  mixed 
with  the  spraying  water  the  coal  dust  would 
receive  a  thorough  wetting,  and  in  the  case 
of  an  explosion,  even  though  it  had  become 
dry,  it  would  still  adhere  to  the  surfaces 
upon  which  it  had  become  deposited,  and 
would  not  become  food  for  the  fire.  There 
would  conseciucntly  be  less  likelihood  of  the 
fire  spreading  through  the  workings  than  if 
coal  dust  were  present  in  the  air.  Professor 
Thornton  pointed  out  that  the  quantity  of 
soap  which  was  necessary,  so  far  as  the  ex- 
periments indicated,  was  not  great.  Any 
kind  of  so:ip  could  be  used  for  the  process, 
and  it  was  very  probable  that  some  of  the 
by-products  and  residues  obtained  in  the 
manufacture  of  soap  would  serve  the  purpose 
equally  well.  The  best  elTects  in  the  experi- 
ments were   obtained  with  a  fine   spray. 


SINKING  AND    STEERING  A  DEEP 
CONCRETE  SHAFT 

For  the  following  account  of  the  sinking  of 
a  deep  shaft  at  Hibbing,  Minn.,  with  the  ac- 
companying illustration  we  are  indebted  to 
Engineering-Contracting.  Many  interesting  de- 
vices were  employed  upon  this  work,  among 
which  was  the  method  used  for  plumbing  the 
shaft  as  it  was  sunk,  by  means  of  eccentric  or 
overhung  loading.  The  half  tone  shows  a  sys- 
tem of  trussed  supports  built  out  for  loading 
the  shaft  on  one  side.  The  method  has  the 
effect  of  a  cantilever  and  reduces  the  load 
necessary  to  accomplish  the  desired  efYect. 

The  work  at  Hibbing  is  being  done  by 
the  Foundation  Co.  of  Chicago.  It  is  of  spec- 
ial note  because  the  shaft  has  been  sunk  164 
ft.  below  water  level,  or  in  all,  185  ft.  below 
the  surface  of  the  ground. 

The  friction  of  the  outside  surface  of  the 
concrete  shaft  with  the  ground  through  which 
it  is  sunk  varies  from  250  lbs.  to  1,200  lbs.  per 
sq.  ft.  of  surface,  depending  upon  the  charac- 
ter of  the  soil.  The  friction  is  greatest  in  sand 
and  quicksand  and  least  in  clay. 
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CANTILEVER   FOR 

For  reducing  the  friction,  water  jets  are  run 
down  between  the  shaft  and  the  soil  at  short 
distances  apart  around  the  circumference  of 
the  shaft. 

The  shaft  is  29  ft.  in  diameter  with  a  rec- 
tangular cageway  10  ft.  -  10  in.  x  14  ft.-  10  in. 

The  shaft  is  made  circular  because  of  the 
saving  in  surface  friction  over  that  which 
would  obtain  with  a  rectangular  shaft  of  the 
same    size. 

The  outside  forms  were  of  steel  plate  placed 
in  5  ft.  sections.  Three  sections  were  used  for 
ordinar}^  sinking,  the  bottom  section  being  re- 
moved and  placed  at  the  top  as  fast  as  the 
concreted    sections    were    sunk. 

The  inside  forms  were  of  wood,  made  in 
5  ft.  sections  u^ing  a  set  of  6x6  in.  dressed 
timbers  braced  across  the  corners  with  3x6  in. 
pieces.  The  6x6  in.  timbers  were  tied  at  the 
corners  with  4x^2  in.  iron  straps.  The  tim- 
ber sets  were  placed  at  30  in.  centers  and 
2  in.  sheeting  was  used.  The  rectangular 
opening  was  made  4  in.  wider  and  longer 
than  was  required  by  the  plans  in  order  to 
care  for  any  small  inaccuracy  due  to  the  shaft 
being  out  of  plumb  when  bed  rock  was 
reached. 

In  sinking  the  shaft  the  excavation  was  at 
first  carried  on  through  the  cageway  by  using 
the  clam  shell  bucket  attached  to  the  derrick. 
When  the  excavation  had  proceeded  to  a  depth 
at  which  it  was  impracticable  to  dig  with  the 
clam  shell  a  Moran  lock  was  installed  and 
the  work  was  carried  on  under  the  pneumatic 
process.  Air  pressure  was  not  put  on  until 
the  shaft  had  reached  a  depth  of  about  166  ft. 


TRIMMING  CAISSON. 

An  air  pressure  of  47  lbs.  per  sci.  in  was  used, 
and  40  min.  shifts  were  worked. 

[The  above  maximum  air  pressure  was 
reached  or  slightly  exceeded,  in  sinking  the 
foundations  for  the  new  Municipal  Building 
in  New  York,  as  described  in  our  issue  of 
July,  1910.  In  that  case  there  was  an  actual 
head  of  water  at  the  caisson  corresponding  to 
the  air  pressure  within,  or  actually  112  feet. 
In  the  above  case  the  water  could  not  have  had 
the  effective  head  at  the  work  of  164  feet  as 
mentioned  above,  as  that  would  have  required 
an  air  pressure  of  about  "^2  pounds.  Ed.  C.  A. 
M.l 


AN  ADDED  TERROR  OF  WAR 

An  aviator  near  San  Francisco  took  up 
with  him  as  a  passenger  in  his  aeroplane,  an 
ordnance  officer  of  the  United  States  Army, 
and  the  latter  dropped  from  a  height  a  spe- 
cially prepared  hand-bomb  which  exploded 
with  terrific  violence  upon  striking  the  earth. 
An  examination  of  the  vicinity  where  the 
bomb  struck  proved  that  a  shell  of  this  de- 
scription, when  exploded,  scatters  in  all  di- 
rections the  materials  of  which  the  shell  is 
constructed,  as  well  as  those  with  which  it 
is  filled,  and  that  it  would  be  very  destruc- 
tive of  life,  within  a  radius  of  man}-  feet. 
It  is  fair  to  assume  that  this  dropping  of 
explosive  bombs  from  the  sky  must  have 
a  powerful  "moral"  effect,  as  they  call  it, 
upon  armies  in  the  field,  since  it  is  a  terror 
which  cannot  be  ran  away  from  and  against 
which   there  can  be  no  real  protection. 
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VACUUM     STRIPPKRS     KOK     CARDING 
ENGINES 

W'luii  tho  cotton  spiinuT  ri-ci-ixi's  tin-  raw 
cotton,  it  contains  ;i  innnhcr  of  inii)uritics.  such 
as  broken  lc:it,  sccil>.  sand.  etc.  I  lie  heavier 
impurities  are  K»>t  rid  of  in  the  scutchinj.;  pro- 
cesses, whicl;  are  carried  ont  ni  machinery 
specially  ilesiyned  to  pre\ent  thi'  (hist  .uettinii 
into  the  atmosphere.  When  the  raw  cotton  has 
ji»>ne  through  this  process,  it  passes  to  the  card- 
ing en.uine  where.  h\  means  ol  wired  cards,  the 
c»>tton  I'lhres  are  arranj^ed  in  parallel  order  and 
the  cleansing  process  previonsl\  referred  to  is 
completed.  .\  large  proportitMi  of  the  foreign 
material  lodges  in  the  card  clothing  of  the  cyl- 
inders and  flats,  and  which  have  to  be  periodi- 
cally cleaned.  The  cleansing  process  is  univer- 
sally known  as  "stripping,"  and  is  accomplished 
by  means  of  a  wire  brush  which  is  caused  to 
revolve,  and  is  brought  in  contact  with  the 
card  clothing  from  which  it  drags  out  the 
matted  mixtures  of  cotton  fibre,  fluff,  and  dirt, 
The  process,  although  effective,  does  not  com- 
ply with  the  requirements  of  the  hygienic  con- 
ditions which  are  now  considered  essential  in 
cotton  mills  on  account  of  the  amount  of  dust 
which  is  given  off.  irrespective  of  the  wear  and 
tear  of  the  bearings  of  the  machinery  caused 
by  the  introduction  of  grit. 

Inventors  are  busy  attempting  to  devise 
some  satisfactory  appliance  to  obviate  the  de- 
fects referred  to,  and  Cook  and  Co.,  Exchange 
street,  jManchester,  are  introducing  a  system 
which  does  away  with  the  brush  altogether.  It 
depends,  for  its  successful  action,  upon  a  high 
vacuum,  the  stripping  operation  being  per- 
formed by  means  of  nozzles  travelling  across 
the  faces  of  the  cylinders  and  doffers.  The 
end  of  the  nozzle  comes  within  about  1-16  in. 
of  the  wire  clothing,  and  the  inrush  of  air, 
brought  about  by  a  central  air  pump,  draws 
into  the  nozzles  all  the  material  which  is  held 
by  the  wires.  The  strips,  dirt,  etc.,  are  carried 
away  through  iron  piping  1V2  in.  internal  diam- 
eter to  a  suitable  receptacle  where  they  are 
collected,  no  dust  being  given  off  in  the  opera- 
tion. One  advantage  claimed  for  this  system 
is  that  the  cards  can  be  stripped  while  w'orking. 
which  results  in  increased  production.  Anoth- 
er advantage  possessed  by  this  apparatus  is 
that  it  enables  the  mill  owner  to  do  away  w'ith 
the  locking  motions  for  the  carding  engine 
doors  which  are  required  by  the  Government 
inspectors. 

The  nozzle  is  a  permanent  fixture  upon  each 


i-.irding  machine,  ;md  is  mounted  <in  suitable 
ti;i\  irsing  mechanism,  the  ponU  «)f  the  nozzle 
running  along  a  narraw  slot  cut  in  the  back 
plate.  The  doffer  no/zK-  is  lixi-d  in  a  similar 
cross-traversing  de\iee  working  above  the  dof- 
fer comb,  but  in  the  latter  arrangement  the 
wliole  mechanism  is  portable,  so  that  it  can  be 
carried  alxmt  from  machine  to  machine.  For 
the  dolTer  noz/.le  mechanism  the  usual  grinding 
brackets  are  used,  while  speci.al  brackets  are 
necessary  to  receive  the  cylinder  nozzle  and  its 
mechanism.  In  both  cases  the  mechanism  is 
actuated  by  a  rope  i)ulley  driven  from  a  con- 
venient pulley  on  the  card.  The  central  receiv- 
er for  the  strips  is  a  large  cylindrical  recepta- 
cle, 10  ft.  high  by  3  ft.  6  in.  diameter,  made 
perfectly  air-tight,  and  provided  with  a  suitable 
door  for  clearing  out  the  deposited  material. 
It  contains  a  cloth  filter  bag  to  prevent  dust 
being  drawn  into  the  pump  cylinders.  From 
the  receiving  chamber  a  main  pipe,  ly^  in.  in 
diameter,  is  run  round  the  card-room,  and  on 
this  at  suitable  intervals  branches  are  provided, 
to  which  one  end  of  a  flexible  tube  is  attached 
the  other  end  during  stripping  being  connected 
to  the  cylinder  or  doffer  nozzle  on  the  card. — 
The  Etiijiiiecr,  London. 


REHEATING   IN  MINES 

In  a  paper  read  before  the  Transvaal  In- 
stitute of  Mechanical  Engineers,  Oct.,  1910, 
R.  G.  Mackie  says:  "the  reheating  of  com- 
pressed air  underground  and  close  to  its 
work  will  receive  more  attention  in  the  fu- 
ture than  has  been  given  to  it  in  the  past. 
Having  to  burn  coal,  coke  and  other  com- 
bustibles underground,  and  the  undesirabil- 
ity  of  introducing  anything  which  is  go- 
ing to  increase  the  temperature  of  the 
mine,  has  been  the  greatest  objection  to  the 
reheating  of  compressed  air  in  the  mines. 
When  the  underground  application  of  cheap 
electricity  becomes  general,  the  question  of 
reheating  air  by  electrical  appliances  is  bound 
to  be  seriously  considered.  The  reheating  of 
the  air  should  be  done  as  near  to  its  work 
as  possible  to  reduce  losses  caused  by  radia- 
tion in  the  pipes  between  the  heater  and  the 
drill.  Less  radiation  means  less  interference 
with  the  mine  temperature  and  increased  ex- 
pansive  energy   of  the   air." 

The  reheating  suggestion  is  correct,  but  it 
is  quite  generally  understood  that  even  cheap 
electricity  is  not  cheap  when  employed  for 
heating  purposes. 
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PNEUMATIC  SPRINGS   EOR  AUTOS. 


A  PNEUMATIC  CUSHION  SUBSTITUTE 
FOR  AN  AUTOMOBILE  SPRING 

There  has  recently  been  invented  by  a  Cali- 
fornia mining  engineer  a  novel  substitute  for 
springs  and  shock  absorbers  on  automobiles. 
This  is  a  pneumatic  cushion  w^hich  appears  to 
have  advantages,  because  it  permits  the  use  of 
solid  tires. 

The  inventor  of  this  new  device  has  found 
it  impossible  not  only  to  construct  a  pneumatic 
shock  absorber,  but  so  to  arrange  this  that  it 
takes  the  place  of  the  spring  itself,  while  at  the 
same  time  preventing  any  rebound. 

In  its  present  state  this  pneumatic  cushion 
consists  simply  of  a  round  rubber  bulb  six  or 
eight  inches  in  diameter,  having  an  open  neck 
at  its  upper  end,  and  a  small  projection  at  its 
lower.  This  projection  fits  into  a  hole  in  a  con- 
ical wood  block  that  is  secured  to  the  axle  of 
the  automobile,  while  the  neck  of  the  bulb  is 
set  into  a  pipe  fitting  attached  to  the  body  of 
the  machine.  This  pipe,  of  about  i^  inches 
diameter,  connects  to  a  tank  having  a  capacity 
of  2,000  cubic  inches.  Four  such  bulbs  replace 
the  springs  of  an  automobile.  In  fitting  them 
to  a  car,  the  leaves  of  the  springs  arc  removed 


with  the  exception  of  the  outer  heavy  leaf, 
which  is  used  for  steadying  purposes.  All  four 
tubes  are  connected  by  separate  pipes  to  the 
tank. 

The  action  of  the  bulb  is  as  follows  :  When 
a  wheel  of  the  car  passes  over  an  obstruction, 
the  bottom  of  the  bulb  resting  upon  the  cone- 
shaped  block  is  pushed  inward,  and  the  surface 
of  contact  of  the  bulb  with  the  block  is  in- 
creased. The  heavier  the  blow,  the  more  the 
block  sinks  in ;  consequently,  there  is  a  contin- 
uously increasing  supporting  area  within  the 
bulb  upon  which  the  air  acts,  the  air  being  un- 
der a  compression  of  about  20  pounds  to  the 
square  inch  in  the  bulb,  the  pipe  line,  and  the 
tank.  As  a  result  of  the  increasing  flattened 
area  in  the  bottom  of  the  bulb  under  a  heavy 
shock,  there  is  a  cushioning  effect  that  in- 
creases with  the  blow,  and  when  the  initial 
shock  has  been  absorbed,  there  is  no  rebound, 
since  the  air  in  the  bulb,  piping,  and  tank  has 
not  been  appreciably  compressed.  The  cushion 
acts  upon  the  same  principle  as  the  pneumatic 
tire,  since  the  supporting  area  is  increased 
when  the  bulb  is  flattened,  in  much  the  same 
wav  as  it  is  with  the  tire;  but  in  this  case  there 
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of    tlu'    air.    and    couMMiiicMlly    no    liability    of 
bursiini^. 

riio  air  ciishioM  niakos  it  possible  to  use 
solid  tires  u[)oii  all  connncrcial  vcbicKs  no  mat- 
ter wliat  tile  size,  as  well  as  upon  pleasure  cars 
wbere  it  is  tlesire^l  to  dispense  with  the  costl> 
pneuiuatic.  The  life  of  a  jj'^od  solid  tire  is 
easilx  double  that  of  a  pneumatic.  For  heavy 
work  eight  u-inch  bulbs,  using  an  air  pres- 
sure of  So  pouiuls  and  deformed  to  8  inches 
vertical  diameter,  will  sustain  a  weight  of  15 
tons  and  lia\e  a  maximum  carrying  capacity  of 
24  ton>;,  while  i()-inch  cushions  will  carr\-  min- 
imum and  maximum  loads  of  30  ami  48  tons, 
respectively.  The  rubber  bulbs  that  have  been 
tested  in  actual  Use  are  8  inches  in  diameter 
witii  a  I  3-4  inch  orifice  at  the  neck.  They  are 
mado  up  of  six  layers  of  canvas  imbedded  in  a 
3-8  inch  thick  ruliber  wall.  They  have  shown 
no  signs  of  wear  in  a  5.000-miles  test. 

The  minimum  load  that  is  placed  upon  four 
S-inch  cushions  is  1,400  pounds,  with  an  air 
pressure  of  30  pounds  per  square  inch  and  a 
total  contact  area  of  48  square  inches  at  the 
bottom  of  the  bulbs.  The  maximum  load  these 
8-inch  bulbs  will  stand  with  the  same  air  pres- 
sure, is  4.3-'0  pounds.  This  would  increase 
the  contact  area  to  144  square  inches,  and  flat- 
ten out  the  bulbs  to  about  5  inches  vertical 
diameter,  but  there  would  still  be  two  or  three 
inches  for  further  vertical  movement  in  case 
of  a  sudden  shock  or  blow.  The  air  pressure 
in  the  bulb  determines  the  strain  upon  the 
walls,  and  as  this  air  pressure  never  increases 
perceptibly,  it  can  be  seen  that  the  strain  is  not 
verv  great. — Si-iciitific  American. 


TWENTY-FIVE  TONS  OF   ICE  PER 
TON   OF   COAL 

An  English  plant  of  the  combined  com- 
pression and  absorption  machine  type  has 
been  unusually  successful.  Messrs.  Ran- 
somes  &  Napier,  Ltd.,  of  London  and  Ips- 
wich, have  put  in  for  the  Northeastern  Ice 
Co..  of  Aberdeen,  Scotland,  a  new  plant. 
The  old  one  consisted  of  two  20-ton.  one  30- 
ton  and  cue  50-ton  compression  machines 
In  place  of  the  two  20-ton  machines  tv>'o  65- 
ton  absorption  machines  were  instalkd,  giv- 
a  total  of  210  tons  per  day.  The  absorption 
machines  were  worked  on  exhaust  steam 
from  the  triple  expansion  engine  operating 
the  50-ton  compression  m.achine.     The  same 


cngme  drives  all  the  au.xiliaries.  including 
the  dyu.imos  for  the  electric  lighting  plant. 
A  cm  pl.ini  was  \)\.\\  in  in  i)l;ice  of  the  cell 
system  formerly  used.  The  new  plant  was 
tested  in  Septend)er  last,  30-ton  compression 
machine    shut    down,    with    these    results: 

()utput    of  absorption    machines.     135  tons. 
"  '*    cnmpressinn  machine      55       " 


Tnt.-il.        190  tons. 

Steam    consumi)ti(jn    ])er    hour.  .5,800  lbs. 

Temperature  of  cooling  water.  .      55  deg.   F. 

Quantity  of  coal  (slack  at  %2M 
per  ton)  used  per  day  for  en- 
tin-  plant,  inchiding  all  auxili- 
aries             7J/2  tons. 

This  gives  2^  tons  of  ice  per  ton  of  coal 
for  entire  plant  and  18  to  i  for  absorption 
plant  and  auxiliaries.  The  new  ice  tank  is 
not  insulated  at  all  and  by  insulating  it  in 
the  usual  manner  the  owners  expect  to  get 
30  tons  of  ice  per  ton  of  coal  for  the  entire 
plant. — Ice  Trade  Journal. 


AN  EXPLOSION  CAUSED  BY  HOT 
GREESE 

It  is  not  at  all  uncommon,  in  fact  it  is 
usual  in  a  Lake  Superior  mine  to  see  a 
miner  stand  over  an  open  tool  box  contain- 
ing dynamite  and  caps,  select  what  powder 
he  wants,  and  count  out  his  caps,  meanwhile 
hctdlessly  allowing  the  hot  grease  from  his 
sunshine  lamp  to  fall  promiscously  where  it 
will.  Apparently  he  is  utterly  oblivious  to 
the  fact  that  one  of  those  hot  drops  of  grease 
might  easily  explode  a  cap  if  it  should  hap- 
pen to  fall  on  the  right  spot.  A  most  flag- 
ra;-t  example  of  the  old  adage — '"Familiarity 
breeds  contempt."  Nevertheless  the  unex- 
pected sometimes  happens.  Apropos  of  this, 
I  remember  having  had  pointed  out  to  me 
a  particular  spot  on  the  hanging-wall  of  a 
certain  drift  in  the  old  Osceola  mine.  The 
story  goes  that  a  miner  left  his  stope  to  get 
pow^der  and  caps  from  his  tool  box,  shortly 
after  which  a  loud  explosion  was  heard. 
Upon  examination  the  miner  was  discovered 
in  small  pieces  spread  over  the  hanging-wall 
rot  far  from  the  spot  where  his  tool  box 
had  previously  stood  but  of  which  there 
was   no  sign. 

Another  custom  in  vogue  is  a  careless 
habit    among    the    drill    boys.      Upon    being 
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sent  by  the  miners  to  bring  powder  and 
caps,  they  will  stuff  eight  or  nine  sticks  of 
powder,  possibly  more,  together  with  a 
partly  filled  box  of  caps,  into  their  shirt, 
the  latter  being  partly  open  in  front.  Thus 
equipped  they  will  climb  into  a  stope,  or 
down  a  winze,  or  perhaps  run  several  lifts 
on  the  ladders.  As  far  as  I  know  there  is 
nothing  to  prevent  the  cap  box  from  drop- 
ping out  of  their  shirt  fronts  if  they  should 
happen  to  lean  too  far  forward.  One  mis- 
step and — enough  said. — Correspondence  En- 
gineering and  Mining  Journal. 


SOUND  CHARACTERISTICS 

BY    HUDSON     MAXIM. 

There  are  four,  and  only  four,  properties  of 
sounds,  whether  oral  or  mechanical,  and 
these  are  loudness,  duration,  pitch  and  tone 
color,  the  latter  being  sometimes  called  tim- 
bre. As  I  have  shown  in  my  recent  book 
''The  Science  of  Poetry  and  the  Philosophy  of 
Language,"  loudness  and  duration  are  quant- 
itative properties,  and  pitch  and  tone  color  are 
qualitative  properties. 

I  have  carefully  considered  the  comparative 
A-alue  of  the  automobile  warning  signals,  and 
I  think  the  sharp  warning  sound  made 
by  the  Klaxon  incomparably  better  than  the 
musical,  groaning,  wailing  or  siren  sounds 
made  by  others.  The  reason  is  that  the  Klax- 
on has  a  genuine  warning  note,  while  musical 
sounds  possess  no  warning  properties.  Neith- 
er do  mournful  or  wailing  sounds  w.arn.  Thus 
they  naturally  produce  the  opposite  effect. 

We  all  know  that  it  must  naturally  take 
more  energy  to  make  a  loud  sound  than  a 
low  one,  and  more  energy  to  make  a  sound 
for  a  longer  period  than  for  a  shorter  one. 
Consequently,  loudness  and  duration,  being 
representative  of  the  energy  consumed  in  pro- 
ducing a  sound,  have  come  to  indicate  the  im- 
portance  of  the   sound. 

Pitch  always  varies  with  the  tenseness  of 
the  feelings,  in  accordance  with  muscular  ten- 
sion. Hence  pitch  has  come  to  indicate  the 
degree  of  tenseness  of  the  feelings  of  men 
and    lower    animals. 

The  tone  color,  or  timbre,  indicates  the 
quality  of  the  sound ;  in  other  words,  it  indi- 
cates the  wave  mixture  or  how  the  waves  of 
sound  are  commingled.  Different  instrurnents 
always   produce    sounds   of   different    tone-col- 


ors, and  the  tone-color  always  varies  with 
variations  in  the  character  of  the  same  instru- 
ment producing  a  sound.  If  a  fiddle  string  be 
pulled  strongly  to  one  side  and  released  it 
sets  up  waves  of  compression  and  rarefaction 
in  the  atmosphere.  The  longer  the  distance 
through  which  the  string  travels  in  its  vibra- 
tions the  larger  are  the  sound  waves  and  the 
louder  the  sound,  other  things  being  equal. 
The  more  rapidly  the  string  vibrates  from  side 
to  side  the  higher  will  be  the  pitch.  The 
string  not  only  vibrates  as  a  whole,  but  it  vi- 
brates in  segments  upon  itself.  In  other  words, 
it  trembles,  and  this  trembling  sets  up  smaller 
sound  waves  which,  traveling  upon  and  ming- 
ling with  the  large  and  fundamental  waves 
produced  by  the  string  as  a  whole,  give  the 
fundamental  waves  or  fundamental  tones  their 
tone-colors.  The  tone  colors  produced  by  a 
steel  string,  a  catgut  string  and  a  silk  string 
are  all  necessarily  different  from  one  another. 

Now,  as  the  oral  instrument  of  men  and  of 
the  lower  animals  constantly  varies  in  shape 
with  the  character  of  the  emotions  inducing 
utterance,  each  different  emotion  produces 
sounds  of  a  corresponding  tone-color,  an-d  we 
have  come  to  associate  the  different  tone-col- 
ors in  oral  sounds  with  the  emotions,  prompt- 
ing the  utterance.  It  is  by  means  of  the  tone- 
colors  in  oral  sounds,  and  by  them  alone,  that 
we  are  enabled  to  tell  whether  the  emotions  of 
the  speaker  are  painful  or  pleasurable,  and 
also  whether  or -not  the  speaker  is  uttering  a 
warning  cry  or  making  a  coaxing  or  wooing 
call. 

Though  warning  sounds  may  differ  widely 
in  certain  respects,  there  is  one  common  char- 
acteristic possessed  by  them — they  are  harsh 
and  untuneful ;  they  are  not  pleasant  to  the 
ear.  The  warning  growl  of  the  dog,  the  cry 
of  the  fowl  that  voices  danger,  the  warning 
snarl  of  a  pair  of  tigers  fighting  over  a  piece 
of  meat  are  not  pleasant,  or  musical,  or  woo- 
ing sounds. 

A  wooing  or  musical  sound  is  as  inappro- 
priate to  the  uses  of  the  automibilist  as  would 
be  a  feather  instead  of  a  club  to  drive  away 
an  angry  dog.  It  is  the  tone  of  the  voice,  far 
more  than  what  is  said,  that  calls  a  dog  to 
us  or  drives  him  away  from  us.  All  animals 
are  repelled  by  repellent  sounds  and  attracted 
by  attractive  sounds.  A  musical  sound  made 
by  an  automobile  horn  tells  a  falsehood  to  the 
pedestrian   whom   it   is   expected  to   warn.     It 
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giT   is   most    ininiiiuni.  K>"i    and   hanipcrt-d    the   workman.      The    wa- 

I    ha\<.'  irird  nian\    kinds  of  horns  anil  maik-  trr   had   to   he    Kt    out   of  eoek   ('  at   intervals 

a   serious    stnd\    of   this  ([uestion,   and    1    have  of  twt)  hours. 

found   that    tt»   elcar   the   way   there   is   nothing;  As    there    was    water   in    the    air   tank,    and 

like    thf     Klaxon,     with     its    harsh,    untuneful  water    spray,    apparently    caused    hy    air,    in 

warniuii.  tlu-    watrr    tank,    it    meant    there    must    be    a 

Try   it    on    ihe   (U^\:..       Try    to   call    a    do}j;   hy  leak    somewhere    hc-tween     the    water    jacket 
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souuvls.  like  a  crack  in  the  cylinder  head.     This  was 


^  Compressor 

CRACK   IN   CYLINDER   HEAD. 


A  CRACK  IN   AN  AIR  COMPRESSOR 
CYLINDER    HEAD 

In  visiting  a  shop  recently  we  arrived  at 
the  engine  room.  This  contained  one  25- 
horsepower  gas  engine,  and  an  air  compres- 
sor, for  operating  pneumatic  riveting  ma- 
chines and  drills,  that  was  rated  at  80  pounds 
pressure  constant  flow^  There  was  also  a 
compressed-air  tank,  and  a  300-gallon  w-ater 
tank  to  supply  the  water  jacket  of  the  com- 
pressor with  water.  The  layout  will  be 
seen  in  Fig.   i. 

While  inspecting  these  it  was  noticed  that 
at  every  compression-stroke  of  the  piston 
in  the  air  compressor  a  small  spray  of  water 
would  shoot  diagonally  across  the  surface  of 
the  water  at  the  top  of  tank,  and  slop  over 
the  side;  see  A,  Fig.  i.  We  asked  about 
the  cause  of  this  but  they  did  not  really 
know.  On  opening  the  relief  cock  C  on  air 
tank  B  I  noticed  a  lot  of  water  coming  out. 
This   accumulated   in   the   bottom   of  the   air 


tank,  and  was  driven  with  the  air  through 
tested  by  filling  the  water  jacket  of  the  cyl- 
inder head  with  w^ater  but  as  the  crack  was 
hardly  o.ooi  of  an  inch  wide  no  water  would 
run  out. 

We,  therefore,  tested  the  cylinder  head  un- 
der air  pressure  and  found  that  the  crack,, 
as  showm  at  F,  leaked  enough  to  cause  the 
trouble. 

The  method  of  testing  the  cylinder  head 
is  shown  in  Fig.  2.  The  inlet  hole  G  was 
plugged  up.  Then  flange  H  was  made  to 
cover  hole  /  and  this  was  secured  tight  with 
bolts  //  after  a  gasket  was  placed  under- 
neath. Connections  for  a  J^-inch  pipe  were 
fitted  into  the  flange  and  an  air-pressure 
gage  was  attached  to  the  end  of  the  pipe; 
a  tee  M  being  fitted  underneath  it  to  admit 
the    air. 

The  head  was  then  filled  with  water  to 
within  ^  inch  of  the  top  and  air  was  pumped 
into  it.  When  the  gage  indicated  30  pounds 
pressure     the     water     came      trickling     out 
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through  the  crack,  shown  at  F.  This  showed 
why  water  accumulated  in  the  air  tank.  At 
every  suction  stroke  the  water  would  be 
sucked  from  the  crack  into  the  air  cylinder, 
whereas,  at  the  compression  stroke  the  air 
would  enter  the  crack  with  80  pounds  pres- 
sure behind  it.  It  then  followed  the  easiest 
way  out,  which  was  the  return  pipe,  and 
thereby   caused   the   water   spray   at   A. 

The  crack  was  closed  with  an  oxy-acety- 
lene  welding  apparatus  and  the  cylinder 
head  was  immedia,tely  put  back  in  the  com- 
pressor. It  is  now  doing  good  work,  minus 
water  in  the  air  tank,  and  stray  air  currents 
that  disturb  the  surface  of  the  water  tank. — 
A mcricoji  Machinist. 

[The  connection,  in  Fig.  2,  between  the 
air  pipe  and  the  water  chamber  of  the  cyl- 
inder head,  where  the  test  pressure  was  ap- 
plied, is  not  readily  discoverable.  As  to 
the  accumulation  of  water  in  the  air  re- 
ceiver, did  not  the  writer  know  that  water 
always  is  deposited  there  by  normal  com- 
pressed air,  and  that  a  "relief  cock,"  as  he 
calls  it,  is  always  provided  to  relieve  the  re- 
ceiver of  the  water  which  is  sure  to  accu- 
mulate? As  the  crack  in  the  cylinder  head 
would  not  leak  water  until  a  pressure  of  30 
lbs.  was  applied,  and  as  the  pressure  of  wa- 
ter in  the  jacket,  as  we  must  infer  from  the 
sketch,  was  not  more  than  2  or  3  lbs.,  how 
could  any  of  it  get  into  the  air  cylinder?  It 
is  quite  possible  that  the  crack  would  allow 
a  little  air  to  escape  into  the  water  when 
the  high  pressure  occurred,  but  if  with  such 
a  rush  or  in  any  such  quantity  as  suggested 
by  the  sketch,  how  could  any  of  it  have  been 
delivered  to  the  air  receiver?  It  is  interest- 
ing to  know  of  the  repair  of  the  head  by 
oxy-acetylene  welding,  and  shows  how  fa- 
miliar and  handy  the  process  is  becoming. 
A  little  use  of  oxy-acetylene  upon  the 
sketches  and  description  above  might  have 
made  a  perfectly  satisfactory  job  all  around.  Ed. 
C.  A.  M.] 


Polaris,  the  north  star,  probably  the  star 
most  familiar  to  all  surveyors  and  to  most 
other  persons,  is  really  three  stars,  though  ap- 
pearing as  one,  even  through  ordinary  teles- 
copes. By  means  of  the  great  Lick  telescope  it 
was  learned  some  time  since  that  it  is  com- 
prised of  three  distinct  stars  which  revolve 
about  each  other. 


DANGERS    FROM    HIGH    AIR    VELOCI- 
TIES IN  MINES* 

By  Nile  Robinson. 

At  the  close  of  the  fiscal  year  ended  June  30, 
1909,  the  chief  of  the  Department  of  Mines  of 
West  Virginia,  reported  50,567  men  who  were 
employed  in  underground  work.  The  number 
is  growing  larger  every  year.  Responsibility 
for  the  welfare  and  safety  of  this  great  army 
rests  upon  the  inspectors  appointed  by  the 
state  and  the  owners  of  the  mines;  and  it  is 
pleasing  to  record  the  fact  that  they  are  work- 
ing for  the  security  of  both  men  and  property 
in  perfect  harmiony. 

Within  a  comparatively  recent  period  the 
mining  industry. has  undergone  almost  a  com- 
plete revolution,  changing  from  hand  mining 
to  machines,  from  animal  haulage  to  electric 
motors,  from  fire-baskets  to  fans.  The  intro- 
duction of  a  new  feature  in  any  line  of  em- 
ployment may  cause  inconvenience  and  possi- 
ble loss  of  life  until  those  who  are  to  govern 
the  innovation  become  masters  of  its  power; 
but  where  the  danger  is  self-evident  precau- 
tionary measures  are  quickly  adopted  and  se- 
curity may  soon  be  obtained.  Occasionally  a 
danger  is  concealed  under  a  benevolent  guise, 
and  for  a  long  time  may  remain  undiscovered, 
because  unsought.  Is  it  possible  that,  in  our 
efforts  to  secure  so-called  "perfect  ventilation" 
through  the  introduction  of  powerful  fans  we 
have  gone  to  an  extreme,  and  have  developed 
a  hazard  where  we  hoped  to  obtain  a  blessing? 
Is  it  possible  that  a  mine  can  be  over-supplied 
with  pure,  fresh  air?  Nearly  all  laymen,  and 
probably  a  majority  of  operators,  will  hold 
that  too  much  air  cannot  be  delivered  under- 
ground;  and  in  acting  upon  that  attractive  be- 
lief hundreds  of  fans  throughout  the  country 
are  being  driven  to  the  capacity  limit. 

For  the  purpose  of  opening  a  discussion  on 
this  important  subject  of  ventilation  the  writer 
will  start  with  the  declaration  that  no  mine, 
unless  it  is  generating  gas,  should  be  given 
more  air  at  any  time  than  is  required  by  law ; 
that  is,  "No  less  than  100  cubic  feet  of  air  per 
minute  for  each  and  every  person  employed  in 
such  mine" — delivered,  of  course,  at  his  work- 
ing place. 


*Paper  read  before  the  West  Virginia  Min- 
ing Association,  Washington,  D.  C,  December 
16,  1910. 
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W'Ik'm  air  hi'vond  the  IcKal  iicinircnicnt  is 
driven  tliroiij^h  a  iniiie  tlu-  .surplus  will  serve 
lU)  useful  i)uri)<)se  \\liate\ei",  aiul  may  consti- 
tute a  positive  danger. 

The  principal  risk  is  due  to  the  increase  that 
must  be  made  in  velocity  to  handle  the  waste 
air.  This  is  especially  objectionable  in  dusty 
mines,  where  a  high  air  speed  will  keep  the 
fine  dust  in  suspension  and  in  perfect  readi- 
ness for  iutlanunaliiMi  from  a  powder  explo- 
si(Mi.  In  this  connection  President  William  N. 
Page,  in  September,  iyo8,  addressed  a  letter  to 
the  operators  of  West  Virginia,  pointing  out 
the  dangers  from  over-ventilation,  as  follows : 

It  is  a  physical  impossibility  to  moisten  dust 
to  the  point  of  safety  in  high  velocity  currents. 

I  know  of  no  disaster  remotely  attributable 
to  dust  where  high  pressure  fans  were  not  em- 
ployed. Until  a  comparatively  recent  date  all 
explosions  were  attributed  to  fire-damp ;  and 
to  giiard  against  this  danger  we  have  created 
a  new  danger  in  the  enormous  volumes  of  air 
traveling  at  high  velocities  through  restricted 
channels,  which  pick  up  every  particle  of  dust 
within  reach  and  keep  it  in  suspension. 

The  compilation  of  mining  records  was  un- 
dertaken by  the  State  of  West  Virginia  in 
1883,  and  a  study  of  the  annual  reports  from 
that  year  to,  and  including,  1909 — the  last  pub- 
lished— will  show  a  relationship  between  un- 
derground fatalities  and  the  change  in  method 
of  ventilation  that  is  entitled  to  serious  con- 
sideration. Here  are  some  figures  gleaned 
from  these  reports : 

Total  number  of  men  killed  by  explosions 
ot  gas,  powder,  blasts  and  dust. 

1883-1889 7  years  42  men 

1890-1894 5  years  18  men 

1895-1899 5  years  24  men 

1900-190-1 5  years  136  men 

1905-1909 5  years  799  men 

A  certain  percentage  of  these  accidents  can 
be  attributed  to  causes  that  are  in  no  way  re- 
lated to  the  air  supply,  but  they  are  small  com- 
pared with  the  heavy  losses  from  explosion  in 
which  dust  was  the  principal  factor. 

In  the  17  years  preceding  1899  there  w^ere 
only  84  fatalities — a  period  when  fan?  w-ere 
beginning  to  come  into  use.  During  the  10 
years  following  1899  the  records  show  that 
935  men  were  killed,  practically  all  in  mines 
with  fans. 

There    is    no    invention    connected    with    the 


miuMig  industry  that  can  coiitiiWutt.-  more  to 
the  safety  and  comfort  of  the  men  engaged  in 
underground  work  than  a  properly  regulated 
fan.  We  have  only  words  of  the  highest  praise 
for  this  method  of  ventilation,  and  what  is 
lure  written  is  simply  against  the  abuse,  not 
against  the  use,  of  an  invaluable  aid  in  mining. 

CHANGES  IN   THE  METHOD  OF  VENTILATION. 

No.  using  fur- 
Total  No.  naces, natural  No.  using  Pet. 
Year,  of  mines,  vent,  etc.         Fans.             Fans, 

1807 — 221  144  ^^  347 

1899....  253  137  116  45-8 
1904....  584      263      321       55- 

1909....  795  284  611  ^^. 

Almost  without  exception  every  serious  acci- 
dent caused  by  dust  in  recent  years  has  oc- 
curred in  a  mine  ventilated  by  a  powerful 
fan.  It  is  not  unusual  to  find  a  strong  uni- 
form air  current  sweeping  through  a  mine 
every  hour  of  the  day  and  night  year  after 
year,  regardless  of  weather  conditions  and 
number  of  men  employed. 

The  unwisdom  of  this  practice  is  apparent 
when  consideration  is  given  to  the  fluctuating 
action  of  the  air  upon  its  admission  to  the 
mine.  At  one  time  it  will  deposit  its  moisture 
until  beads  of  w^ater  appear  upon  every  square 
foot  of  exposed  surface,  perhaps  weakening 
the  roof  and  causing  decay  in  timber.  At  other 
seasons  a  reverse  action  takes  place,  and  thou- 
sands of  gallons  of  water  will  be  withdrawn, 
leaving  many  tons  of  fine  coal-dust,  dried  as 
in  a  furnace,  and  ready  for  ignition  upon  the 
propagation  of  any  unusual  flame. 

An  excess  of  moisture  may  weaken  a  roof 
and  cause  a  heavy  annual  loss  of  life  through 
accidents  to  individuals,  and  a  very  dry  mine 
may  become  seriously  dangerous  from  its  lia- 
bility to  combustion.  Each  extreme  carries  a 
hazard  that,  in  a  majority  of  instances,  is  as- 
sumed without  necessity. 

A  high  air  velocity  holds  fine,  dry  dust  in 
suspension  in  thousands  of  eddies  behind  pro- 
jecting timbers  and  in  room  necks,  alcoves  and 
roof  arches,  where  it  is  in  position  to  originate 
a  disaster  or  give  an  opportunity  for  the  wide- 
spreading  of  an  explosion  that,  under  true  op- 
erating conditions,  would  be  localized.  In  a 
number  of  high  velocity  mines  the  deaths  from 
pneumonia  have  exceeded  the  fatalities  from 
ordinary  accidents;  and  we  can  trace  scores  of 
non-fatal     injuries     to     collisions     on     mains 
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through  the  inability  of  workmen  to  maintain 
lights  while  traveling  against  strong  air  cur- 
rents. 

An  earnest  appeal  is  therefore  made  to  the 
operators  of  the  country,  and  especially  to  the 
Bureau  of  Mines,  for  a  thorough  investigation 
of  the  dangers  that  seem  to  be  inseparable 
from  an  excessive  inflow  of  air,  particularly 
when  it  is  driven  underground  at  a  high 
velocity. 

Observations  made  by  the  Fairmont  Coal 
Co.  from  June  i,  1908,  to  June  i,  1909 — see 
Bulletin  425,  United  States  Geological  Survey 
— indicate  that  an  ordinary  mine,  ventilated 
with  150,000  cubic  feet  of  air  per  minute,  will 
lose  over  200,000  gallons  of  water  per  month  at 
this  season  of  the  year. 

We  are  now  entering  the  winter  period, 
when  this  moisture  exhaustion  is  at  the  maxi- 
mum. Fully  believing  that  air  in  excess  means 
a  loss  in  moisture  and  a  needless  increase  in 
danger,  let  me  urge  a  reduction  in  fan  velocity 
whenever  it  is  possible.  Economize  in  air,  and 
only  send  underground  a  sufficient  amount  to 
satisfy  the  needs  of  the  men  who  are  at  work 
until  all  questions  relating  to  ventilation  can  be 
determined  through  scientific  investigation  by 
the  Bureau  of  Mines,  our  numerous  schools 
of  mines  and  associations  of  mining  engineers. 


LUNG  DISEASES  OF  MINERS 

Dr.  Crumpston,  a  commissioner  of  the 
We»st  Australian  government,  appointed  to 
investigate  the  causes  of  lung  diseases  among 
the  miners  of  the  country,  has  recently  pre- 
sented a  carefully  prepared  report.  He  is 
said  to  have  visited  every  mining  district  in 
the  State  and  to  have  examined  2,050  min- 
ers, 1,805  of  whom  were  actually  at  work 
when  the  examination  took  place.  Dr. 
Crumpston  had  very  carefully  collated  sta- 
tistics, dealing  with  lung  disease  for  the  past 
decade,  and  from  thesp  it  appears  that  tu- 
berculosis of  the  lungs  among  miners  has 
steadily  increased,  while  pneumonia  has  de- 
creased. At  alll  ages,  between  25  and  60, 
the  percentage  of  deaths  is  higher  among 
miners   than  among  the   general   population. 

An  important  factor  in  producing  the  ex- 
cess of  deaths  from  respiratory  disease  is 
fibrosis.  What  is  commonly  styled  miners' 
phthisis  is  thus  designated  by  the  commis- 
sioner, who  thus  differentiates  between,  it 
and    lung    tuberculosis.       His    investigations 


show  that  in  West  Australia  it  is  exceptional 
for  these  different  diseases  to  coexist.  He 
found  among  the  1,805  miners  whom  he  ex- 
amined at  work  that  S3  per  cent,  of  the  ma- 
chine miners  were  suffering  from  early  fibro- 
sis, against  7  per  cent,  of  the  non-machine' 
miners,  3  per  cent,  of  the  truckers,  and  24 
per  cent,  of  the  dry  treatment  hands.  Inter- 
mediate fibrosis  was  found  among  both  ma- 
chine and  non-machine  men,  but  late  fibro- 
sis only  among  machine  men.  Lung  tuber- 
culosis was  present  in  twenty-eight  cases. 
Tuberculosis  was  to  be  regarded  as  an  in- 
fectious rather  than  industrial  disease.  He 
found  no  evidence  of  mine  infection,  and 
concluded  that  the  disease  was  contracted 
directly  by  one  man  from  another  without 
any   indirect  agent. 

Measures  for  the  eradication  of  tubercu- 
losis among  miners  should  not  stop  short  at 
the  exclusion  of  infected  men  from  the 
mines,  but  should  include  segregation  of  the 
tuberculosis  persons  who  come  into  close 
association  with  miners.  Fibrosis,  which  was 
due  solely  to  the  continuous  inhalation  of 
fine  mineral  dust,  was  so  prevalent  in  the 
early  stages  as  to  demand  serious  consider- 
ation. The  high  percentage  could  not  be 
attributed  to  the  importation  of  cases  from 
other  states.  Its  effects  were  to  diminish  the 
area  of  lung  "tissue  available  for  blood  puri- 
fication, and  the  amount  of  air  and  blood 
which  could  reach  the  lungs  for  the  develop- 
ment of  the  fibrous  tissues,  but  it  did  not 
necessarily  cease  when  the  patient  was  re- 
moved from  the  dusty  environment.  A 
mere  temporary  cessation  of  work  among 
dust  was,  therefore,  not  of  any  value. 


AIR  BRAKE  PROGRESS 

The  following,  taken  from  records  of  high 
speed  stops,  will  give  an  idea  of  the  advance- 
ment in  air  brake  efficiency.  In  the  year  1878 
a  stop  was  made  from  a  speed  of  60  miles  an 
hour  in  1.130  ft.,  but  weights  of  rolling  stock 
increased  to  such  an  extent  that  the  average 
train  of  1900  could  not  be  stopped  from  a  speed 
of  60  miles  an  hour  in  less  than  1,400  ft.  by  the 
quick-action  brake,  but  the  high-speed  brake 
stopped  this  train  in  1,050  ft.  In  1908,  under 
conditions  in  which  the  high-speed  brake 
stopped  a  train  of  cars  from  a  speed  of  70 
miles  an  hour  in  1,900  ft.,  the  L.  X.  equipment 
stopped  the  train  in  1.680  ft.,  and  in  the  year  of 
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njcx),  wlu-n  lu'a\ic-r  loooiiiotix  i^  ami  cars  nin- 
iiiiij;  at  >i)ri-(ls  of  do  niiK's  an  hour  couM  imt 
hi'  stt>i)|)c(l  1)\  any  air  I>ral<c  in  Irss  than  i,.?(H1 
t(»  1.500  It.,  ihr  IV  C".  (.'(luiptnc-nl  slopped  tlic 
train  in  1,100  It.  All  of  the  forcj^uinfj;  rcfrr^  tt> 
cimrj^enoN  stops  on  lovol  tracks  anvl  the  work 
iA  the  1'.  C\  e(|nii>nient  is  regarded  as  niarvel- 
(Mis  h\  air-hrake  inon  ;  hnt  if  the  prohk-m  is  re- 
irarded  as  merely  a  matter  of  miles  an  hour, 
reetu'ds  will  show  that  trains  were  stopped 
from  speeds  of  60  miles  per  hour  in  1.020  ft. 
in  the  year  1875,  but  stoppinii:  a  modern  train 
with  the  brake  of  1875  would  be  an  entirely 
different    matter. — Loco))ioiizc    Engineering. 


MOVING   PICTURE   OF   A    FLYING 
BULLET 

A  cinematograph  apparatus  which  takes  pic- 
tures with  intervals  of  one  five-thousandth  of 
a  second  has  been  invented  by  Dr.  Cranz  of 
the  Military  Academy  of  Berlin.  A  striking 
example  of  the  power  of  the  apparatus  shows 
a  bullet  fired  at  a  bladder  of  water  that  is 
hung  on  a   string. 

The  eye  only  sees  a  little  smoke  from  the 
pistol  and  a  couple  of  holes  in  the  bladder, 
from  which  the  water  runs ;  but  when  this  is 
cinematographed  and  the  film  is  showm  slowly 
a  very  interesting  series  of  operations  can  be 
watched. 

First  the  bullet  is  seen  approaching.  It  is 
traveling  i.ooo  feet  a  second,  but  it  seems  to 
move  quite  deliberately.  In  front  of  it  and 
extending  a  long  way  above  and  below  it  is  a 
dim  line,  bent  sharply  immediately  before  the 
bullet.  A  bullet  can  no  more  pass  through 
air  than  a  vessel  can  through  water  without 
making  a  wave ;  and  this  is  the  air  wave.  It 
is  made  visible  on  account  of  its  different 
density,  just  as  the  waves  in  air  are  seen  above 
a  chimney  or  over  hot  ground. 

Behind  the  bullet  come  scattered  grains 
of  the  powder  that  have  not  been  burned,  and 
traveling  more  slowly  still  comes  the  wad.  The 
bullet  enters  the  bladder  and  disappears  inside, 
a  little  water  spurting  out  of  the  hole  it  makes. 
Then  it  reaches  the  other  side,  but  it  no  long- 
er cuts  through  at  once,  as  it  did  when  the 
bladder  was  backed  up  by  the  water. 

Something  like  a  finger  seems  to  push  the 
bladder  outward  into  a  long  tube,  then  the 
tube  opens  and  lets  out  the  bullet,  which  grad- 
ually travels  away.  The  tube  does  not  at  once 
collapse ;  its  form  is  maintained  by  the  stream 
of  water  which  follows  the  projectile. 
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Cored  Holes  in  Valve  Cover 


THE   VALVE  THAT  STUCK. 

A  PUZZLING  AIR  COMPRESSOR 
TROUBLE 

A  writer  in  a  recent  issue  of  the  American 
Machinist  tells  of  a  little  trouble  which  befell 
a  small  air  compressor,  and  of  the  difficulty  ex- 
perienced in  finding  and  curing  it.  The  com- 
pressor w'as  to  maintain  a  pressure  of  80  lbs. 
for  driving  riveters,  but  it  only  managed  to 
keep  up  to  30  lbs.,  and  that  of  course  was  not 
enough,  so  machinists  w^ere  called  to  find  out 
what  was  the  matter. 

They  took  out  all  the  suction  and  discharge 
valves  and  cleaned  and  oiled  them ;  then  on 
starting  the  compressor  it  kept  up  the  required 
pressure  for  about  6  hours  when  it  again 
dropped  to  and  staid  at  30  lbs.  This  was  gone 
through  with  two  or  three  times  with  no  per- 
manent cure. 

It  was  finally  discovered  that  there  was  an 
intermittent  blow-back  in  the  intake  which 
showed  that  the  inlet  valves  on  one  end  of  the 
cylinder   did  not  close. 

When  we  took  these  out  and  examined  them, 
the  account  continues,  w-e  found  that  cotter  pin 
D^  which  keeps  nut  E  from  turning,  had  an 
exceptionally  large  head,  as  shown  in  the  cut. 
The  casting  that  covers  the  assembled  valve 
mechanism  has  three  holes  at  F  F  F.      When 
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the  cotter  pin  head  happened  to  be  in  front  of 
a  hole,  as  indicated  at  G,  it  had  plenty  of  oper- 
ating room.  During  the  working  of  the  com- 
pressor, however,  the  valve  turned  slightly,  and 
the  cotter  pin  worked  away  from  the  cored 
holes  F  F  F.  It  then  started  to  rub  on  the  un- 
finished surface  on  the  inside  of  the  valve  cov- 
er,  and  finally   stuck  on   the  high  point  at  /. 

Both  valves  had  stuck  the  same  way,  and,  of 
course,  were  constantly  open.  This  .allowed  all 
air  sucked  in  on  the  suction  stroke  to  go  back- 
ward and  out  through  the  same  valves  on 
the  compression  stroke,  instead  of  going 
through  the  discharge  valve,  and  from  there  in- 
to the  storage  tanks. 

The  compressor  being  of  a  double-acting  de- 
sign it  left  two  valves  in  good  working  order 
to  supply  the  tank,  which  accounts  for  the  30 
pounds  pressure. 

The  valve  cover  was  bored  out  larger  and 
deeper  on  the  inside  to  allow  the  cotter-pin 
head  perfect  freedom,  and  this  was  all  that  was 
required  to  remedy  this  great  trouble. 


always  to  take  a  cat  with  him  in  his  balloon, 
and  Moisant  adopted  a  cat  as  mascot  during 
his  trip  from  Paris  to  London. — A'.   Y.  Sun. 


AIR  MEN  TO  HAVE  A  PATRON  SAINT 

Paris,  Feb.  i. — A  little  church  in  the  de- 
partment of  Charente-Inferieure  has  been 
dedicated  to  aviators,  and  its  patron  saint, 
Notre  Dame  du  Platin,  has  been  adopted  as 
the  patron  saint  of  flying  men.  Medals  are 
being  struck  for  aviators  to  wear  or  attach  to 
their  aeroplanes. 

One  side  shows  the  protectress  of  aviators, 
with  the  motto,  "Look  upon  her  and  take  th}' 
flight,"  while  the  other  side  shows  the  little 
church  of  Platin.  Louis  Beriot  is  the  possess- 
sor  of  the  first  of  these  medals. 

Many  aviators  have  mascots.  Moore  Bra- 
bazon  always  carries  a  figure  of  a  lucky  pig. 
Leon  Delagrange,  who  was  killed  when  flying 
in  January,  1910,  always  believed  the  number 
13  brought  him  luck,  having  been  born  March 
13.  1873-  Tabiteau  has  similar  faith  in  the 
number  28. 

Edmond  Poillot,  another  victim  of  aviation, 
always  carried  a  four  leaved  clover  and  never 
could  pass  an  old  horse-shoe  without  picking 
it  up  and  carrying  it  about  a  few  days. 

Rolls,  yet  another  victim,  used  to  fasten  a 
branch  of  mistletoe  to  his  aeroplane  before 
starting.  Santos-Dumont  looks  upon  the  St. 
Benoit  medal  given  him  by  the  Countess  d'Eu 
as  a  talisman  and  carries  it  set  in  a  bracelet 
that  never  leaves  his  wrist.     Wellman  is  said 


WHAT  OUR  BREATH  CARRIES 

The  ultra-microscope  has  enabled  Prol. 
Courtade  of  Paris  to  analyze  the  human  breath 
far  more  minutely  than  it  has  ever  been  done 
before.  In  a  report  to  the  Medical  Society  of 
Paris  he  says  that  exhaled  air  contains  not 
only  gases,  such  as  nitrogen,  carbonic  acid, 
water-vapor,  &c.,  but  also  a  mass  of  tiny  solid 
particles,  some  motionless  and  others  mobile. 

The  latter,  he  surmises,  may  include  bac- 
teria, both  rod  shaped  and  globular.  The 
presence  of  minute  bits  of  cell  tissue  (epithe- 
lium) in  the  human  breath  he  regards  as  posi- 
tively proved. 

The  process  followed  by  the  investigator  in 
his  experiments  was  very  simple.  It  was  only 
necessary,  he  says,  to  examine  a  glass  plate  on 
which  exhaled  breath  had  been  allowed  to 
evaporate.  Under  the  ultra-microscope  he  ob- 
served collections  of  dust  composed  of  as  rich 
a  variety  of  substances  as  that  left  by  evapor- 
ated drinking  water. 

Dr.  Courtade  hopes  ultimately  to  be  able  to 
lay  down  a  new  standard  of  health  by  a  series 
of  comparisons  of  what  he  calls  the  '"breath 
dust"  of  healthy  and  unhealthy  persons. 


A  LOW  RANGE  RECORDING 
THERMOMETER 

A  new  recording  thermometer  for  the  lower 
ranges  of  temperature  has  been  recently  de- 
veloped by  the  Bristol  Co.,  of  Waterbury, 
Conn.  The  recording  thermometers  previously 
constructed  by  this  company,  and  depending 
for  their  operation  on  the  expansion  of  a 
liquid,  a  vapor  or  a  gas,  have  been  useful  only 
for  higher  temperatures  up  to  800  degrees  F. 
The  principal  feature  of  the  new  thermometer 
is  a  compensating  device  applied  to  the  spiral 
pressure  tube,  through  which  the  thermome- 
ter is  made  to  give  correct  readings  at  the 
point  where  the  sensitive  bulb  is  placid,  regard- 
less of  changes  in  temperature  of  the  record- 
ing instrument  itself.  The  compensating  at- 
tachment affects  the  spiral  tube  only,  and  no 
effort  is  made  to  compensate  for  changes  of 
temperature  in  the  capillary  tube  connecting 
the  sensitive  bulb  with  the  pressure  coil.  The 
volume  of  gas  in  the  bulb,  however,  is  very 
large  in  comparison  with  the  volume  contained 
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in  (lu  tube,  so  tli.it  the  riror  iluo  \o  changes  in 
the  tube  temperature  is  nenhKibh-.  I  he  new 
thermometer  is  applicable  for  recorilinn  atmos- 
pheric temperatures  of  water,  temperatures  of 
brine  in  refrigerating  systems  and  other  tem- 
peratures holow  JiJ  degrees  F. 


TRIBOLUMINESCENCE 

When  you  scratch  or  rub  a  substance  and 
it  emits  light,  that  is  triboluminesccnce.  A 
strongly  triboluminscent  compound  was  de- 
scribed by  \V.  S.  Andrews  at  the  Chicago 
meeting  ^  iQio)  of  the  American  Electro- 
Chemical  Society.  Its  composition  and  mode 
of  preparation  is  as  follows :  Zinc  carbonate 
(chemically  pure")  70  parts;  flour  sulphur,  30 
parts ;  manganese  sulphate,  trace.  Mix  the 
zinc  carbonate  as  a  fine  powder  with  the  sul- 
phur, then  dissolve  a  small  piece  of  man- 
ganese sulphate  in  distilled  water  and  add 
enough  of  the  solution  to  the  powdered  ma- 
terials to  make  a  thick  cream.  Thoroughly 
triturate  in  a  mortar,  then  pour  into  a  shal- 
low glass  or  earthenware  dish,  and  dry  at  a 
moderate  heat.  When  dry  reduce  to  fine  pow- 
der, pack  hard  into  a  porcelain  or  fire-clay 
crucible  with  a  tight  cover,  and  subject  to  a 
bright  red  heat  for  20  minutes.  The  mixture 
shrinks  into  a  stone-like  mass,  which  emits  a 
train  of  yellow   sparks  when  scratched. 

The  sparks  will  not  set  fire  to  inflammable 
gases  and  hence  is  not  a  substitute  for  flint 
and  steel,  or  the  cerium-iron  lighters  now  on 
the  market. 


NEAR  THE  LIMIT  FOR    COMPRESSED 
AIR  WORKERS 

Preparations  for  the  installation  of  electric 
traction  in  the  Hoosac  tunnel  are  progressing 
rapidly.  This,  as  will  be  remembered,  is  a  dou- 
ble track  tunnel  4  3-4  miles  long,  with  numer- 
ous heavy  trains  in  both  directions,  so  that  the 
smoke  is  almost  intolerable  for  the  engineers 
and  firemen,  and  the  task  of  placing  the  over- 
head wire  carriers  without  the  temporary  stop- 
page of  traffic  would  seem  to  be  impossible.  It, 
however,  is  being  done.  A  single  track  is  made 
to  suffice  for  business  and  the  other  track  is 
given  up  to  a  working  train.  One  car  has  tent- 
like structures  upon  its  roof  which  can  be  ex- 
tended to  fit  tightly  up  against  the  roof  of  the 
tunnel,   thus   enclosing   sections   of  the   surface 


to  1)1-  wnrkcl  on  successively,  the  enclosure  be- 
ing supplied  with  "fresh"  air  by  a  compressor 
with  an  intake  near  the  boiioni  of  the  tunnel. 
I  lu-  piKumatic  tools  used  for  putting  holes  in 
the  roof  and  other  work  are  supplied  with  air 
from  the  same  source.  The  condition  of  the 
air  is  bad  enough  at  the  best.  The  men  wear 
big  hats  and  goggles  and  rub  their  faces  with 
grease  jjaint.  Telephone  connnunication  with 
the  outside  is  constantly  maintained. 


DELAY   ACTION   FUSES 

In  certain  classes  of  tunnel,  or  shaft  ex- 
cavating, delay  action  fuzes  have  been  used 
to  advantage.  These  are  made  so  that  a 
very  short  space  of  time  intervenes  between 
their  ignition  by  the  electric  current  and 
their  detonation.  Two  kinds  are  manufac- 
tured, one  kind  called  first  period  delay  ac- 
tion fuzes,  detonate  a  little  before  the  other 
kind,  called  second  period  delay  action  fuzes, 
when  both  are  connected  in  the  same  blast- 
ing circuit.  When  they  are  used  in  connec- 
tion with  regular  electric  fuzes,  the  latter 
will  detonate  at  the  instant  the  electric  cur- 
rent passes  through  the  circuit;  the  fiist 
period  delay  action  fuzes  will  follow  these, 
and  the  second  period  delay  action  fuzes  will 
detonate  a  little  later.  By  their  use  it  is 
possible  to  fire  one  section  of  a  blast,  suf- 
ficiently ahead  of  the  following  section,  for 
the  material  blasted  by  the  charges  in  the 
first  section  to  be  blown  out  of  the  way 
when  the  next  section  is  blasted. 


CURIOUS  EFFECT  OF  EXPLOSION 

The  effects  of  the  recent  explosion  of  the 
magazine  of  the  Granite  mine,  at  Victor,  Colo., 
were  shown  in  some  curious  ways.  There 
were  89  large  plate-glass  windows  in  the 
town  broken.  A  correspondent  writing  from 
there  says,  the  damage  was  caused  by  con- 
cussion, not  by  flying  missiles.  The  force 
of  the  explosion  seemed  to  travel  in  waves, 
like  those  of  sound,  and  took  out  about  every 
other  plate-glass  window.  The  Portland  Gold 
Mining  Company  has  an  office  building  with 
two  doors  and  a  large  double  window  between 
them,  facing  the  Granite  magazine.  The  two 
doors  were  both  blown  from  their  hinges  and 
one  split  its  full  length.  The  window  es- 
caped without  a  crack. 
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PARALLEL  CAREERS  OF  INGERSOLL 
DRILL  AND  CAMERON  PUMP 

It  was  in  a  little  shop  on  the  corner  of  Sec- 
ond Avenue  and  Twenty-second  street,  New 
York,  that  both  the  Ingersoll  drill  and  the 
Cameron  pump  originated,  and  the  manufac- 
ture of  both  began  under  the  same  roof.  The 
late  Henry  C.  Sergeant,  who  is  admitted  to 
have  done  more  in  the  invention  and  develop- 
ment of  the  rock  drill  than  any  other  person, 
designed  the  first  really  successful  Ingersoll 
drill,  getting  his  furdamental  ideas  of  the  valve 
motion  from  Mr.  A.  S.  Cameron.  This  was  at 
a  time  when  a  reciprocating  engine,  like  a 
pump  or  a  rock  drill,  with  no  crank  shaft  to 
carry  it  over  the  center,  was  practically  un- 
known. The  first  machines  of  this  class  were 
built  on  steam  engine  lines,  the  valve  itself 
being  mechanically  connected  with  or  oper- 
ated by  the  piston.  In  the  first  Ingersoll  drih, 
as  in  the  first  direct  acting  pumps,  when  the 
piston  reached  the  end  of  the  stroke  it  re- 
versed the  valve  by  direct  mechanical  contact 
with  knuckle  joints,  rods  or  other  devices, 
which  intervened  between  the  piston  and  the 
valve. 

Here  is  where  great  credit  is  due  Mr.  A.  S. 
Cameron.  He  was  seeking  to  perfect  a  pump 
which  should  be  used  in  rough  places  where 
exposed  parts  were  liable  to  wear  or  injury. 
He  also  wanted  to  design  a  valve  which  wouIq 
open  a  large  port  at  the  end  of  the  stroke  the 
instant  that  the  piston  reached  a  certaui 
point.  This  was  hardly  possible  wnth  a  me- 
chanicalh'-  moved  valve  without  excessive 
shock  and  wear.  Cameron's  invention,  there- 
fore, was  to  place  a  small  tappet  or  knuckle 
in  each  cylinder  head  of  the  pump,  which 
should  serve  as  a  trigger  to  trip  and  open, 
through  contact  with  the  piston,  a  small  port 
connecting  with  one  end  or  the  other  of  the 
valve  chamber.  The  valve  itself  was  stib- 
merged  in  live  steam  pressure  equal  on  both 
ends,  and  hence  when  this  tripping  action  took 
place  it  reduced  the  pressure  on  one  end  so 
that  then  the  full  pressure  on  the  other  end 
caused  it  to  reverse.  In  order  to  do  this  with 
the  minimum  shock  at  the  tappet,  and  also 
taking  into  consideration  the  importance  of 
having  a  small  port  controlled  by  such  action, 
Mr.  Cameron  used  a  plunger  piston  which  in 
turn  overlapped  the  valve  itself,  this  plunger 
piston  having  an  area  on  each  end  which 
misfht  be  more  or  less  according  to  the  resist- 
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niiice  of  llic  valve  to  tlu-  actitui  of  ^lidinjj:  on 
its  soat.  riu*  valvo  itscll  was,  and  still  is,  a 
slide  valvo.  whicli,  as  ovorylxHly  knows,  rests 
ti^litl)  upon  its  ports  and  tloes  not  kak  through 
wear. 

Sergeant  had  a  problem  more  dillieull  than 
Cameron,  beeause,  in  the  first  place,  the  speed 
of  a  pump  is  only  about  lOO  feet  per  minute 
while  that  of  a  rock  drill  is  four  times  as 
great.  This  high  speed  made  it  dillicult  to 
use  any  kind  oi  a  tappet  trigger,  and  in  order 
to  get  the  (piiekest  action  of  the  valve  Ser- 
geant sought  to  avoid  the  use  of  the  slide  valve 
and  to  use  the  plunger  or  valve-moving  device 
of  Cameron  as  tlu-  \alve  itself.  In  doing  this 
he  ran  against  another  ditlticulty :  the  valve 
in  order  to  be  tight  on  its  seat  would  press  so 
hard  that  the  speed  of  the  drill  became  slug- 
gish, and  to  remedy  this  he  ran  a  bolt  through 
the  center  of  the  valve,  which  relieved  it  of 
a  certain  portion  of  this  pressure. 

Instead  of  the  tappet  trigger  Sergeant  moved 
his  valve  by  causing  the  piston  of  the  drill  to 
undercover  passages  leading  alternately  to 
each  valve  end.  Here  we  have  the  identical 
principle,  so  far  as  valve  movement  is  con- 
cerned, which  is  embodied  in  the  Cameron 
pump,  namely,  an  equal  pressure  on  both  ends 
of  the  valve  and  the  valve  moving  in  conse- 
quence of  reduction  of  that  pressure  on  one 
end  and  the  other  alternately,  the  .action  it- 
self being  determined  by  the  strokes  of  the 
piston.  No  better  evidence  is  needed  of  the 
success  of  this  valve  action  than  the  fact  that 
the  Ingersoll  "Eclipse"  drill  and  the  Cameron 
pump  are  at  work  today  with  valves  of  this 
type. 

The  community  of  interests  between  Cam- 
eron and  Ingersoll  has  extended  from  this 
inception  to  the  present  day.  The  castings 
for  the  first  air  compressors  of  the  Ingersoll 
make  were  made  in  the  Cameron  foundry  on 
East  Twenty-second  street.  For  many  years, 
and  until  the  Ingersoll  works  were  moved  to 
Easton,  Pennsylvania,  castings  were  made  by 
Cameron. 

Adam  Scott  Cameron  was  the  youngest  of 
four  brothers,  all  of  whom  took  up  mechanical 
pursuits.  While  a  youth,  serving  his  appren- 
ticeship, he  was  a  student  at  Cooper  Institute, 
giving  his  nights  and  spare  time  to  study  and 
research.  He  graduated  with  honors  and  at 
■once  applied  himself  to  mechanical  matters. 
He  was  early  engaged  in  building  the  Sewell 


and  Cameron  crank-and-fly-vvheel  pump, 
which  during  the  Civil  War  was  in  demand 
by  the  United  States  Xavy  and  the  Merchant 
Marine.  .\t  the  close  of  the  war  the  call  for 
tlie>e  i)umps  fell  olT,  so  that  Mr.  Cameron 
turned  his  attention  to  the  design  of  a  pump 
of  greater  adaptability  and  more  general  ap- 
plication. I'he  standard  Cameron  pump  was 
the  result,  its  acorn  shaped  air  chamber,  the 
emblem  of  the  clan  Cameron,  the  oak,  being 
his  trade  mark  and  continuing  up  to  the  pres- 
ent time,  lie  died  at  an  early  age,  but  before 
death  he  stamped  his  ability  and  force  of 
character  upon  the  mechanical  engineering  of 
his  age.  W.  L.  Saunders. 


FRIENDLY  CO-OPERATION  OF  RIVAL 
POWERS 

A  few  years  ago  we  were  hearing  discus- 
sions as  to  the  relative  claims  of  electricity 
and  of  compressed  air  to  employment  for  spe- 
cific lines  of  service.  There  is,  however,  lit- 
tle talk  now^  of  electricity  versus  compressed 
air.  or  ^'ice  versa,  because  each  has  pretty 
completely  demonstrated  what  it  can  do  bet- 
ter than  the  other,  and  both  now  have  their 
lines  of  employment  rather  definitely  settled. 
The  most  noticeable  thing,  perhaps,  is  how 
each  has  helped  the  other,  or,  from  the  view- 
point of  the  case  which  we  have  immediately 
before  us.  we  might  be  tempted  to  say  how 
much  has  compressed  air  done  to  provide 
employment  for  electricity. 

In  some  of  the  situations  which  occur  it 
would  seem  to  be  difftcult  to  settle  the  claims 
of  the  rivals.  For  instance,  when  a  water 
power,  hitherto  unused,  is  "harnessed"  to 
drive  a  generator,  and  where  the  current,  af- 
ter transmission  perhaps  for  many  miles,  is 
applied  to  a  motor  which  in  turn  actuates 
an  air  compressor,  we  might  say  either  that 
the  air  compressor  has  provided  employment 
for  the  electric  current,  or  that  the  electric 
current  has  done  a  good  turn  for  the  air 
compressor  and  made  possible  its  location 
there. 

In  case  of  the  electric  air  drill  the  matter 
seems  to  be  much  simpler  and  clearer.  Elec- 
tricity unaided,  has  had  its  try  at  rock  drill- 
ing, and  it  cannot  be  said  that  it  has  made 
any  such  success  in  that  field  as  has  the  air- 
driven  drill,  nor  is  there  apparently  any  like- 
lihood that  it  will  ever  be  able  to,  so  that 
for  operating  rock  drills  it  had  almost  ceased 
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to  be  thought  of.  In  the  electric-air  drill, 
however,  electric  current  is  the  only  power 
transmitter,  and  in  a  way  electricity  might 
be  said  to  be  solely  responsible  for  and  sole- 
ly to  be  credited  with  the  results,  but  it  is 
the  air  at  the  drill  which  actually  does  the 
work,  so  that  after  all  every  electric-air  drill 
in  operation  represents  so  much  employ- 
ment which  electricity  would  not  have  had 
except  as  it  was  provided  for  it  by  this  in- 
genious air  device. 

The  amount  of  the  additional  employ- 
ment thus  provided  for  the  electric  current 
is  not  immediately  apparent.  The  electric- 
air  drill  incidentally  leads  the  way  to  the 
employment  of  electricity  for  other  pur- 
poses; for  where  it  has  heretofore  been  im- 
perative to  have  the  air  compressor  to  drive 
the  rock  drills  the  presence  of  the  compress- 
ed air  on  the  spot  has  led  to  its  employment 
also  for  the  driving  of  pumps  and  hoists  and 
such  things,  but  the  advent  of  the  electric-air 
drill  at  once  makes  it  possible  to  dispense  with 
the  air  compressor  and  the  air  pipes  entirely 
and  to  use  the  electric  drive  for  everything. 
There  are  thus  mine  and  quarry  installations 
with  electric  drive  throughout  which  would 
not  have  been  possible  without  the  electric- 
air  drill. 

This  drill  gets  additional  and  exclusive 
employment  for  itself  and  for  the  current 
which  drives  it  through  the  fact  that  it  may 
be  conveyed  to,  and  installed  and  operated 
in  the  most  inaccessible  places.  It  can  make 
itself  at  home  wherever  men  can  get  to, 
wherever  the  wires  can  be  laid,  and  where  it 
would  be  impossible  to  lay  air  pipes  or  to 
convey  and  operate  an  air  compressor  within 
practical   reach  of  the  work. 

All  the  other  drills  cost  more  to  operate 
at  the  higher  altitudes,  but  the  electric- 
drill  is  unique  in  that  in  operation  it  is  en- 
tirely independent  of  its  atmospheric  sur- 
roundings. The  air  which  operates  it  being 
entirely  enclosed,  and  not  in  touch  with  the 
external  atmosphere,  and  not  exhausting 
into  the  atmosphere,  it  makes  no  difference 
how  much  or  how  little  the  pressure  of  it 
may  be. 

The  electric-air  drill,  it  is  to  be  remem- 
bered, compromises  or  sacrifices  nothing  of 
efficiency  or  advantage  as  compared  with 
the  air-driven  drill.  It  strikes  a  blow  as 
sharp  and  hard  as  ever  was  known;  it  can  be 


moved  and  set  and  operated  as  easily  as 
any,  and  it  costs  at  the  power  house  less 
than  one-half  what  other  drills  cost. 


ROCK  DRILL  STIMULUS 

A  rock  drill  is  not  at  first  thought  the 
thing  to  attract  the  interest  of  the  mechani- 
cally inclined.  Those  least  informed  about 
it  are  apt  to  pass  it  by  with  a  casual  and  in- 
different glance  as  a  simple  machine  doing 
only  the  roughest  cf  work.  No  one  ever 
thought  of  putting  a  bit  of  finish  to  the  out- 
side of  it,  or  even  of  painting  it  except  with 
the  thought  of  protecting  it  from  the  weath- 
er, and  eveni  the  paint  is  always  coming  off 
second  best  in  its  encounter  with  mud  and 
flying  rocks. 

Nevertheless,  the  rock  drill  is  one  of  the 
great  inventions,  and  a  composite  invention 
at  that,  to  whose  development  many  un- 
tiringly ingenious  minds  have  contributed. 
No  machine  was  ever  more  completely  fitted 
for  the  strenuous  life  or  lived  it  more  suc- 
cessfully. Besides  its  actual  work  in  break- 
ing the  rock  and  releasing  the  mineral  treas- 
ures, in  cutting  the  ways  of  traffic  for  the 
commerce  of  the  world,  whether  borne  on 
the  land  or  on  the  water,  in  excavating 
foundation  sites  for  the  heaviest  structures 
ever  erected  by  man,  its  incidental  influence 
and  achievements  also  evidence  its  epoch 
making  importance. 

It  introduced  and  made  familiar  the  air 
compressor,  which  now  finds  employment  in 
vast  activities  to  which  the  rock  drill  is  only 
remotely  related.  George  Westinghouse  told 
recently  how  the  information  of  the  driving 
of  the  first  rock  drills  by  air  in  Alpine  tun- 
nels, put  him  upon  the  right  road  to  the 
air  brake. 

The  entire  line  of  air  driven  tools,  the 
pneumatic  hammers,  riveters,  caulkers,  ro- 
tating drills,  direct  and  motor  driven  hoists 
and  the  rest,  are  the  children  and  the  grand- 
children of  the  original  rock  drill,  and  the 
industries  in  which  these  are  employed  and 
depended   on    owe   their   rapid   growth   to   it. 

It  was  noted  recently  upon  the  death  of 
Chas.  T.  Porter  how  the  exacting  require- 
ments of  the  high  speed  engine,  and  his 
careful  supervision  of  its  manufacture,  had 
done  much  for  the  promotion  of  accurate 
and    efficient    methods    of    machine    work    in 
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the  shops  of  ihc  world.  NoihiiiK;  has  been 
more  insistent  upon  accurate  workmanship, 
precise  redupHcation  and  especially  upon  the 
adaptation  of  the  different  materials  to  the 
several   parts  than  the  rock  drill. 

In  a  way,  the  requirements  of  the  rock 
drill  as  to  accuracy  in  the  manufacture  are 
as  exacting  as  those  of  the  linotype  ma- 
chine. All  the  working  parts  of  each  indi- 
vidual drill  must  fit  with  precision,  so  that 
they  will  work  with  absolute  freedom  and 
yet  permit  no  leakage  of  air.  All  members, 
even  to  the  entire  machine,  must  permit  of 
being  taken  apart  by  any  one,  anywhere,  and 
then  of  being  assomhlod  again,  oil  ivithout  any 
kind  of  flacking. 

Tliis  is  simple  enough,  perhaps,  for  the 
individual  drill,  but  this  drill  is  usually  taken 
apart  only  because  something  has  gone 
wrong  with  it,  and  when  the  working  condi- 
tions of  the  drill  are  considered,  and  the 
neglect  and  abuse  and  accidents  to  which  it 
is  subject  are  remembered,  this  is  to  be  ex- 
pected. In  the  reassembling  of  the  parts, 
therefore,  some  of  them  will  probably  have 
to  be  replaced  by  new  ones  taken  from  the 
stock  of  duplicate  parts  always  at  hand.  This 
may  be  in  Michigan  or  Montana,  in  Africa 
or  Australia,  but  the  new  pieces  slip  into 
their  places  and  are  at  once  ready  for  their 
work  as  though  they  had  always  been  as- 
sociated with  that  particular  drill.  This  is 
one  of  the  wonders  of  modern  manufacture. 

If  any  poor  inventor  is  hoping  to  intro- 
duce some  new  machine,  of  a  calibre  at  all 
commensurable  with  that  of  the  rock  drill, 
he  could  not  fail  to  be  impressed,  if  not  ap- 
palled, by  the  enormous  plant,  the  variety  of 
ingenious  machines,  largely  automatic,  and 
the  crowd  of  variously  skilled  workers,  em- 
ployed in   the   production   of  the   rock   drill. 


NEW  BOOK 

A  Pocket-Book  of  Mechanical  Engineering, 
Tables,  Data,  Formulas,  Theory  and  Exam- 
ples, by  Charles  M.  Sames.  Fourth  edition, 
revised  and  enlarged.  Published  by  the  au- 
thor, Jersey  City,  N.  J.,  218  pages,  4^x6^ 
inches.      $2.00. 

This  is  a  real  pocket  book  of  a  size  con- 
venient to  carry.  It  contains  a  great  amount 
and  variety  of  reference  matter  in  most  com- 
pact form,  and  is  up  to  date. 


A    CAISSON    CATASTROPHE 

;\.  very  umisual  accidtiii  (•(.cured  on  Jan.  31, 
at  Newark,  N.  ]'.,  where  a  pneumatic  caisson 
was  being  sunk  in  the  Passaic  River  for  a  pier 
for  a  Pa.  R.  R.  bridge.  Work  was  progressing 
in  the  usual  way  when  a  bucket,  filled  with  ex- 
cavated material,  wliicli  had  bicn  hoisted  out 
and  clear  of  the  air  lock  was  dropped  by  the 
breaking  of  the  chain.  The  fall  broke  the  lock 
door,  allowing  the  air  in  the  caisson  to  escape 
and  the  water  to  pass  into  the  working  cham- 
ber, hour  of  the  men  within  by  some  means 
managed  to  get  out,  but  ten  were  drowned. 
No  details  of  such  an  accident  as  this  seem  to 
be  called  for  or  could  be  of  any  value,  although 
it  would  seem  that  some  one  was  certainly  re- 
sponsible for  the  condition  of  the  chain. 


DISASTROUS    POWDER    EXPLOSION 

Almost  exactly  at  noon  on  Feb.  i,  all  down- 
town New  York  was  shaken  by  an  explosion 
of  almost  unheard  of  severity  w^hich  occurred 
near  the  station  of  the  Central  R.  R.  of  N.  J., 
a  mile  or  more  away  across  the  North  River. 
A  large  quantity  of  black  powder  and  dyna- 
mite, said  to  be  for  a  South  American  shipr 
ment,  was  being  unloaded  from  a  car  and  car- 
ried into  the  hold  of  a  lighter.  As  to  the 
immediate  cause  and  incidents  of  the  explosion 
no  one  knows  anything.  The  lighter  and  an- 
other vessel  with  their  crews  were  so  com- 
pletely destroyed  that  none  of  the  bodies  of 
the  men  were  found.  A  car  of  cement  next  to 
the  car  of  explosive  was  destroyed,  but  a  third 
car  containing  dynamite  stood  the  shock  so 
that  its  load  did  not  blow  up,  but  sticks  of  dy- 
namite were  scattered  about  the  floor  of  the 
pier.  About  40  freight  cars  were  wrecked, 
the  windows  in  the  passenger  station  were 
blown  out  and  scores  of  passengers  on  two 
ferryboats  were  injured.  A  man  in  a  tugboat 
nearly  a  mile  away  was  blown  out  of  the  pilot 
house  into  the  water  and  fatally  injured.  The 
principal  tangible  effect  in  the  city  was  the 
breaking  of  a  great  number  of  windows  by 
the  suddenly  compressed  air. 

It  is  confidently  asserted  by  experts  that  the 
initial  if  not  almost  the  entire  explosion  was 
that  of  the  black  powder.  "Contrary  to  gen- 
eral belief,"  as  Dr.  W.  G.  Hudson,  of  the  E. 
I.  du  Pont  de  Nemours  Powder  Company,  is 
reported  "black  powder  is  far  more  dangerous 
than  dynamite.  We  believe  the  powder  be- 
came ignited  and  in  exploding  detonated  some 
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of  the  dynamite — not  much  of  it.  Dynamite 
freezes  at  about  45  degrees,  Fahrenheit,  and  it 
is  nearly  impossible  to  explode  it  when  froz- 
en. The  temperature  on  the  day  of  the  ex- 
plosion and  for  a  week  before  was  below  45 
degrees." 


NOTES 

So  favorable  is  the  atmosphere  of  Argentina 
to  wireless  telegraphy  that  the  postmaster  gen- 
eral proposes  to  substitute  it  for  the  present 
telegraph  system. 


A  Swedish  army  officer  has  constructed  an 
aerial  torpedo  propelled  by  a  compressed-air 
motor.  It  is  claimed  to  have  an  initial  velocity 
of  984  ft.  per  second,  and  a  maximum  range 
of  over  14,000  ft.  Its  charge  consists  of  about 
5  lb.  of  explosive. 


The  latent  heat  of  ice  is  142  B.  T.  U. 
That  is  to  say,  one  pound  of  ice  at  32  de- 
grees F.  will  require  142  B.  T.  U.  to  melt  it 
into  water  at  32  degrees  F.,  or .  142  B.  T. 
U.  must  be  extracted  from  water  at  at  32 
degrees  F.  to  freeze  it  into  ice  at  32  de- 
grees   F. 


It  is  no  longer  recognized  as  an  essential 
in  profitable  mining  that  ores  be  high  grade, 
for  some  of  the  greatest  dividend-paying 
mines  in  the  United  States  are  low-grade 
propositions.  But  such  mines  are  made  suc- 
cesses only  through  the  ability  of  watchful 
managements  in  keeping  the  operating  costs 
continually  down  to  the  lowest  possible  fig- 
ure. 


A  recent  performance  in  metal  cutting,  with 
oxygen  is  reported  by  the  British  engineering- 
papers.  It  is  stated  that  one  man  employed  by 
the  Knowles  Oxygen  Company,  Ltd.,  cut 
through  42  girders,  15x5  in.  section,  in  4  3-4 
hours,  with  a  consumption  of  less  than  200  ft. 
of  oxygen  and  300  ft.  of  hydrogen.  Reckoning 
labor  at  i  shilling  per  hour  the  cost  figured  out 
6  pence  per  ciit. 


What  seems  to  be  a  practicable  invention  is  a 
device  for  locking  the  doors  of  English  rail- 
way cars  by  means  of  the  air  pressure  of  the 
Westinghouse  air  brake.  By  means  of  a  con- 
veniently located  switch,  the  guard  instantly 
locks  everv  carriage  door  on  the  train.     Simil- 


arly, all  doors  are  kept  locked  until  the  train 
has  come  to  a  stop,  when  they  are  released  by 
the  guard. 


In  Michigan,  at  Cook  Falls  on  the  Au  Sable 
river,  a  9,000  kw.  hydro-electric  plant  is  under 
construction  which  will  have  at  the  starting 
point  a  tension  of  135,000  volts.  The  trans- 
mission system  will  extend  to  Flint,  a  distance 
o/f  125  miles,  and  to  Battle  Creek,  a  distance  of 
190  miles. 


The  Pope  Mfg.  Company,  Hartford,  Conn., 
now  turning  out  automobiles  as  well  as  bicy- 
cles, is  stated  to  be  doing  .an  unusually  heavy 
business  in  the  latter.  In  the  fiscal  year  end- 
ing July  31,  1910,  it  shipped  57,000  bicycles. 
The  current  fiscal  year  the  shipments  will  ex- 
ceed 65,000,  and  will  break  any  previous  year's 
showing  of  the  company,  even  in  the  old  days 
when  it  was  exclusively  a  bicycle  concern,  and 
when  that  industry  was  enjoying  its  boom  16 
or  18  years  ago. 


The  electric  fan,  which  adds  much  to  sum- 
mer comfort,  is  far  from  useless  in  the  winter. 
Shopkeepers  have  found  that  the  circulation 
of  air  which  it  creates  is  the  simplest  and 
cheapest  way  to  keep  their  show-windows  free 
from  frost.  An  electric  fan  used  to  create  a 
forced  draft  in  a  furnace  decreases  materially 
the  time  necessary  to  heat  the  house  in  the 
morning,  and  in  winter  even  more  than  in 
summer  it  may  prove  a  useful  adjunct  to  ven- 
tilation. 


An  injection  of  cement  was  the  novel  meth- 
od lately  adopted  to  make  strong  and  servicea- 
ble two  crumbling  stone  railway  bridges  at 
Hamburg.  The  arches — 51ft.  in  span — were 
cracked  in  all  directions,  and  small  holes  were 
bored  partly  through  the  masonry  at  the  sides 
of  the  cracks,  and  thin  cement  mortar  was 
forced  into  the  apertures  at  a  pressure  of  five 
atmospheres.  When  this  had  hardened,  the 
stonework  was  found  to  be  thoroughly  consol- 
idated. 


From  Japan  come  particulars  of  the  in- 
vention of  a  smoke-preventing  furnace  in 
which  compressed  air  is  supplied  to  the  fire 
through  tubes  forming  an  upper  grate.  The 
fuel  is  first  deposited  on  this  grate  and  part- 
ly consumed;  the  combustion  gases  pass 
downward    through    the    grate,    meeting    the 
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supply  «>l  comprcssiMl  air.  \^y  nu-aiis  of  a 
rcciprocatitij^  agitator  tlu*  partially  coiisiiiiu-d 
fuel  is  caused  |o  fall  tlini  upon  a  srct»U(l 
gratr  of  the  ordinary  type,  where  combus- 
tion is  completed. 


of  the  propeller.  !*r(i\ision  is  made  for  nu'as- 
urinj^  the  thrust  of  the  piopcllcr  with  ^ri;iit 
accurac}'. 


I  he  weather  lUirean  lias  made  proj^rt-ss 
toward  the  installation  of  ai)paralus,  especially 
i>ptical.  for  the  stud\  i^i  the  cpiaiuitx  of  water 
vapor  throu}.ih  a  wide  vertical  extent  of  the 
atmosphere  (as  tiistinj^uishcd  from  the  purely 
](K\'d  intlications  o\  the  hygrometer  and  the 
psychrometer ).  Spectrc^scopic  observations  with 
this  end  in  view  are  to  be  undertaken  by  Prof. 
W.  J.    1  lumphreys. 


The  following  rather  unintelligibly  word- 
eil  news  item  appeared  in  the  Butte  (Mont.) 
Miner.  Jan.  i.  S-  years  ago:  "Two  Inger- 
soll  drills,  for  use  on  the  lower  level  of  the 
Alice  mine,  were  received  last  week.  They 
will  be  set  at  work  within  a  da\-  or  two.  but, 
with  steam  instead  of  compressed  air,  the  ex- 
periences of  doubtful  issue  should  be  neces- 
sarily imperfect  ventilation  of  the  lower  lev- 
els not  admit  of  steam  being  employed,  drills 
will  be  laid  aside  until  Bower's  air  compres- 
sors can  be  brought  up  from  Salt  Lake  City 
next  spring." 


Ever  since  man  has  navigated  the  seas  be- 
yond the  sight  of  land  he  has  needed  the  most 
accurate  measures  of  time,  in  order  that  he 
might  tell  his  longitude  with  reasonable  cor- 
rectness. Tn  17 14  the  English  government  of- 
fered 20.000  pounds  sterling  to  the  man  who 
would  devise  a  chronometer  so  accurate  that 
longitude  could  be  told  within  30  miles,  and  a 
descending  reward  down  to  half  as  much  for 
the  person  who  could  tell  it  within  60  miles.  In 
1765  John  Harrison,  son  of  a  Yorkshire  car- 
penter claimed  and  was  given  the  highest 
award. 


A  plant  for  testing  the  thrust  of  air  pro- 
pellers has  been  erected  in  England  by  Vick- 
er's  Sons  &  Maxim.  The  plant  consists  of  a 
central  tower  supporting  a  cantilever  one  hun- 
dred and  ten  feet  long  and  balanced  by  an  op- 
posite arm  fifty-six  feet  long.  A  propeller  shaft 
is  mounted  on  the  end  of  the  long  arm,  which 
is  driven  b}^  a  lOO-horse  power  engine  placed 
in  a  cabin  surrounding  the  tower.  The  mo- 
tion  of  the  arm   is  due   entirelv  to  the  action 


A  curious  accident  interruphd  the  operation 
of  the  Hudson  iK:  .Maidiattan  power  station  a 
short  time  ago.  Tlu-  line  soot  and  dust  from 
the  hack  eoiniections  had  been  discharged  and 
allowed  to  accumulate  in  tlu-  fan  room  beneath 
the  boilers,  and  had  been  drawn  by  the  fans 
into  the  air  ducts  and  deposited  as  a  coating 
of  carbon  upon  their  inside  surfaces.  In  some 
unexplained  manner  this  carbon  took  fire,  and 
urged  by  the  blast  of  the  fans  developed  such 
a  heat  that  the  ducts  were  twisted  all  c)Ut  of 
place,  and  the  entire  draft-producing  mechan- 
ism of  the  station  put  out  of  business. 


A  new  station  on  the  Broadway  division 
of  the  N.  Y.  subway  at  191st  street  has 
been  opened.  This  station  is  about  170  feet 
below^  the  surface  of  the  ground,  and  is  far- 
ther from  the  surface  than  any  other  station 
of  the  Interborough  subway.  It  has  cost 
about  $350',ooo,  the  work  being  done  as  an 
extra  under  the  original  subway  contract. 
Besides  the  stairway  at  191st  street,  there- 
are  four  elevators,  all  in  one  shaft,  and  go- 
ing down  as  far  as  the  mezzanine  floor  of 
the  station.  Only  about  a  quarter  of  a  mile 
to  the  north  the  ground  drops  away  so  that 
the  subway  becomes  an  elevated  road. 


It  is  stated  that  in  the  Butte  district  about 
700,000  lbs.  of  copper  from  mine  and  tailings 
water  is  precipitated  monthly.  The  greater 
part  of  this  comes  from  the  mine  water,  about 
550.000  lbs.  The  mine  water  is  heavily  charged 
with  the  metal  in  solution,  in  the  form  of  a 
sulphate.  The  woodwork  and  walls  of  some 
of  the  mines  are  painted  in  the  liveliest  colors 
by  the  precipitated  chemical.  The  water  is- 
suing from  the  mines  and  collected  in  launders 
is  described  as  being  of  a  pea-green  hue.  In 
these  basins  are  distributed  quantities  of  tin 
cans  and  scrap  iron,  which  precipitates  the 
metal. 


On  the  excavation  for  the  St.  Mary's  Falls 
Canal  the  Marsch-Robbins  Co.,  Contractors, 
have  adopted  the  use  of  a  small  air-operated 
hand  hammer  drill  for  drilling  "pop  holes"  in 
large  fragments  of  rock  too  large  to  be  han- 
dled by  the  steam   shovel.     If  the  "mud  cap" 
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method  of  breaking  these  fragments  was  em- 
ployed, there  would  be  a  heavy  damage  to  the 
windows  in  the  adjoining  city.  The  present 
method  results  in  a  considerable  economy  in 
explosives.  A  block  5x5x4  ft.  in  size  requires 
one  hole  28  ins.  in  depth  in  which  ^  lb.  of 
40  per  cent,  dynamite  is  placed  with  one  ex- 
ploder; "mud  capping"  would  require  about 
5  lbs.  of  dynamite  in  this  case. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  {not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

JANUARY    3. 

980,257.       FUME-CONDENSING    APPARATUS. 

William  R.  Heslewood_,  Berkeley,  Cal. 
980,382.      MECHANISM   FOR  UTILIZING   THE 
EXHAUST-GASES  OF  INTERNAL-COMBUS- 
TION   ENGINES.      Samuel   T.    Willis,   Wor- 
cester, Mass. 

4.  In  combination,  a  motor  vehicle  provided 
with  a  shaft,  a  turbine  engine  connected  with 
said  shaft  to  drive  the  same  and  propel  said 
vehicle,  a  pressure  tank  or  vessel  in  communica- 
tion with  said  turbine,  means  to  control  the  sup- 
ply of  fluid  under  pressure  from  said  tank  or 
vessel  to  said  turbine,  and  an  internal  combus- 
tion engine  connected  with  said  pressure  tank 
to  discharge  therein  its  exhaust  gases,  and  hav- 
ing its  shaft  mechanically  disconnected  from 
the  turbine  driven  shaft  while  the  latter  is  be- 
ing driven  by  said  turbine  substantially  as  de- 
scribed. 

980,418'.  WALL- VALVE  FOR  PNEUMATIC 
CLEANING  SYSTEMS.  John  T.  Hope,  Kan- 
sas City,  Mo. 
980,489.  FLYING  MACHINE.  Henry  J.  Cas- 
anova, Chicago,  111. 
980,624.  SAFETY  TRAIN- AIR-LINE  CUT- 
OUT  COCK.     George  C.   Gale,  Alameda,   Cal. 


980,747.       PNEUMATIC     PIANO.       William     G. 

Betz,   Steger,   111. 
980,753.      AIRSHIP.      William   J.    D.    Bbadford, 

Killeen,   Tex. 
980,756.        DEVICE      FOR      CHARGING     CAP- 
SULES.    Domingo  Brescia,  Quito,  Ecuador. 
1.  A  device  for  charging  capsules,   comprising 
a  charging  vessel   adapted   to   receive  gas  under 
pressure,  and  arranged  to  be  held  in  a  plurality 
of    positions,    and    baskets    for    removably    hold- 
ing  the   capsules   within   the   vessel  whereby   the 
valves    of    the    capsules    are    controlled    by    the 
position  of  the  charging  vessel. 
980,810.     AIR-VALVE  FOR  OIL-TANKS.     JOHN 

M.  McDonald,  Dubuque,  Iowa. 
980,813.  PROCESS  OF  LIQUEFYING  AIR 
AND  SEPARATING  OUT  OXYGEN.  Ru- 
dolph Mewes,  Berlin,  Germany. 
980,828.  DEVICE  FOR  COOLING  THE  AIR 
REQUIRED  FOR  MALTAGE.  Emil  Ott, 
Berlin,   Germany. 

1.  An  apparatus  for  cooling  and  moistening 
air  comprising  a  chamber  having  an  outlet  open- 
ing in  its  bottom,  a  cooling  battery  comprising 
a  series  of  superposed  spaced  conical  rings  ar- 
ranged over  said  outlet  opening  the  upper  end 
of  the  battery  being  closed ;  means  for  spraying 
water  upon  the  interior  surfaces  of  the  rings, 
and  means  for  passing  air  from  said  chamber 
between  the  rings  into  the  battery  and  thence 
downward  to  the  outlet  opening. 
980,840.  AIRSHIP.  Matthew  Rozboril  and 
Peter  Bursky,  Binghamton,  N.  Y. 

JANUARY  10. 
980,916.         MEANS      FOR      AUTOMATICALLY 
PRODUCING    AND    UTILIZING    AIR-PRES- 
SURE.    Henry  E.  Borger,  Dayton,  Ohio,  and 
Albert  S.  Atkins,  East  St.  Louis,  111. 
980,935.        AERIAL      PROPELLER.        Thomas 

Fahey,    Spokane,   Wash. 
980,944.       SUCTION-CLEANER.       Tracy     Bar- 
bour  Hatch,    Alhambra,   and   Edwin   Walter 
GoESBR,  Los  Angeles.  Cal. 
980,977,      VACUUM    CLEANING    APPARATUS. 
Paul  C.  Little,  Carnegie,  Pa. 
1.  In   pneumatic  cleaning  apparatus,   the  com- 
bination  of  a   reservoir  for  liquid,   a   connection 
for  the  dust  laden  air  leading  into  said  reservoir, 
a  connection  in  the  further  path  of  the  air  lead- 
ing from  said  reservoir,   suitable  means  for  pro- 
ducing suction  therethrough,  means  for  condens- 
ing   the    vaporized    liquid    passing    through    said 
connection,  a  receptacle  for  collecting  the  mixed 
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vapor  and  dust  siu'kfd  tin  rrtlii  oukIi.  ami  u  con- 
nection IcadluK  Iroin  saiil  ircci>lacU-  back  to  saltl 
li((iii(l  rcscivolr. 

itso/.ttMi.     i)i<:\i('i':    Fon  cioneuating   and 

ADMlNlsrKKlNC  OXYGEN.  David  E. 
I'AUKKU.   NiaK:iia    l-'nlls,    N.    Y. 

981.036.  UOCK-DRILL.  RoLAND  S.  Trott.  Den- 
ver Colo. 

981.04 1.  PNEUMATIC  CONVEYER.  Fuank  F. 
\\'KAit,  San    l-'rancl.*5Co,  Cal. 

9si.i(iL'.    i:Li-x"ru()LV'rio  device  for  ciioN- 

ERATING     PUUIO    OXYGEN    AND     IIYDRO- 

Gl!^N,    Rene    Moktiz,    Wasquchal.    France. 
9S1.141.       MEANS    FOR    l»RODUCING    A    VAC- 

rr.\l.  PKKrv  H.  Thomas.  Fast  OraiiRo,  N.  J. 
981.17(1.       MF/niOD    OF    PREN'ENTING     MIxXF 

EXPLOSIONS.       John     W.     Coleman.     May- 

beury,   W.   Va. 

The  lien  in  described  method  of  preventing  the 
accunuilatiiHi  of  dust  particles  in  the  air  in 
a  mine,  said  method  consisting  in  introducing  air 
Into  a  mine  at  one  point,  forcing  air  out  of 
the  mine  at  another  point,  and  hence  maintain- 
ing a  circulation  of  air:  heating  the  air  near 
the  point  of  intake  to  the  ti'mperature  of  about 
71]  degrees  F..  and  injecting  into  the  current  of 
air  at  the  point  where  the  same  is  heated,  a  jet 


JANUARY    17. 

981,011.      MACHINE   FOK    HAIR-DRYING   AND 

TIJIO     LIKE.       Henijy     V.     IIalliwei-l,     New 

York,   N.    Y. 

1.  In  a  device  of  the  cIjihh  de.scrllx-d,  an  elec- 
tric motor,  a  fan,  a  drum,  an  electric  heating 
means  detachably  placed  upon  the  outlet  end  of 
said  drum,  a  nozzle  detachably  i)lac<'d  upon  .said 
heating  mean.s  and  of  means  for  suspending  said 
d  I' vice. 
981,755.     AIRSHIP.     jAMBS  M.  Ivbli.er,   Detroit, 

Mich. 
081.716.      EJECTOR    FOR    WELLS.      John    B. 

Tait  and  Thomas  Maloney,   Maricopa,  Cal. 

1.  An  ejector  for  wells  comprising  an  induc- 
tion pii)e  for  Iluld.  an  educti(»n  [lipe  for  fluid,  a 
.supply  pipe  for  compressed  air,  a  reservoir  cyl- 
inder of  relatively  large  diameter  c«»mpared  to 
said  air  supply  pipe,  a  sleeve  at  the  npper  end 
of  said  induction  pipe,  a  cylinder  surrounding 
said  sleeve  and  separated  therefrom  at  its  lower 
end  to  form  a  contracted  outlet  and  connected 
at  its  npper  end  to  the  eduction  pipe,  said  reser- 
voir extending  a  considerable  distance  above 
said  sleeve  on  the  induction  pipe  and  the  said 
contracted   outlet,    whereby   air   may   accumulate 
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of   steam   in    the   same   genei-al    direction   as   the 
said    air    current,    to    supply    sufficient    moisture 
to  the  air  to  cause  the  precipitation  of  the  dust 
particles  therein. 
981,185.       AERIAL     APPARATUS.       Gates     M. 

Fowler.   San   Francisco,   Cal. 
981,194.       CONCENTRATOR.       John    P.    Ibson, 

Denver,    Colo.      Filed    Oct.,    19,    1909.      Serial 

No.    523,418. 
981,301.     WATER-LIFT.     John  E.   Osmer,   Chi^ 

cago.   111. 
981,363.      PNEUMATIC    PIANO.      William    G. 

Betz.  Chicago  Heights,  111. 
981.367.      AIR-CRAFT.       Frederick     Brackett, 

Washington,  D.  C. 
981.410.      AEROPLANE.      Joseph    A.    Goodwin, 

Berkley,   Va. 
981,494.        VACUUM      DRYING      APPARATUS. 

Emil  Wilhelm  Strohm,  Buffalo,  N.  T. 
981,498.       VACUUM    APPARATUS.       Percy     H. 

Thomas,  Montclair,  N.  J. 
981.501.        VACUUM      DRYING      APPARATUS. 

LoRiN  W.   Treichler,  Williamsville,   N.   Y. 
981.530.      FLUID- ACTUATED  TOOL.     JoHN  W. 

Canty,  Florence,  Colo. 


ENTS  January  to. 

in   the   upper   end   of    said   reservoir   above    said 
outlet   to    equalize    the    outflow,    as    substantially 
set  forth. 
981,719.      HOT-AIR   DRYING   PLANT.      George 

Herbert  Thorp,  Yarasloff,  Russia. 
981,733.      COOLING    DEVICE    FOR    ENGINES. 

George   Wolke,    Jacksonville,    III. 
981,748.      LIQUEFACTION    OF    AIR    AND    ITS 

SEPARATION    INTO    ITS    CONSTITUENTS. 

George  Claude,  Paris,  France. 
981,755.       ART     OF    LIQUEFYING    GAS    AND 

SEPARATING    ITS    ELEMENTS.      Edson    P. 

Gallaudet,  Norwich,  Conn. 

1.  The  art  or  process  of  separating  a  mixed 
gas  like  air  which  consists  in  effecting  the  sep- 
aration thereof  solely  by  interactions  between  a 
downward  current  of  liquefied  portions  and  an 
upward  current  of  unliquefied  portions  of  the 
gas. 
981,778.      AIRSHIP.      Edwin    Lyman    Madden, 

Ingersoll,    Okla. 

981.804.  ROTARY  PUMP  OR  COMPRESSOR 
Robert  M.  Sloan  and  Zachary  :m.  Lixdley, 
Carthage,  Mo. 
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981,899.      PNEUMATIC    HAMMER.      Albert   H. 

Taylor,    Easton,    Pa. 
982,004.        AUTOMATIC     AIR-BRAKE      COUP- 
LING.     Thomas    E.    Jennings,    Scott    Haven, 

Pa. 
982,008.     SHOCK-ABSORBER.     William  Bruce 

Knapp,   Stoneham,   Mass. 
982,011.       VACUUM-RENOVATOR.       Augustus 

W.   NOHE,    Chicago,   111. 
982,161.       MILKING     MACHINERY.       Alexan- 
der   Smaill,    Jr.,    Tomahawk,    near    Dunedin, 

New  Zealand. 
982,190.         PNEUMATIC       SUSPENSION       FOR 

VEHICLES.       William     H.     Shankland,     St. 

Johns,    Oreg. 
982.225.         APPARATUS      FOR      LIQUEFYING 

GAS    AND    SEPARATING    ITS    ELEMENTS. 

Edson   F.    Gallaudet,    Norwich,    Conn. 
982,227.         APPARATUS       FOR       PRODUCING 

OZONE.      LuDWiG  Glaser,    Pankow,   Germany. 

1.  A  device  for  producing  ozone  comprising  a 
conductor  of  the  second  class  which  is  cooled 
by  strong  air  currents,  and  a  resistance  with 
high  positive  temperature  coefficient  connected 
in  series  with  said  conductor  to  prevent  said 
conductor  from  loosing  its  conductivity  because 
of  the  cooling  action  of  said  strong  air  currents. 


982,540.       JET     PROPULSION.       Paul     Skousb, 

Athens,  Greece. 

2.  In  driving  means  for  vessels,  a  plurality  of 
explosion  chambers,  independent  accumulators 
for  gas  and  air  with  pa.ssages  leading  to  each 
of  said  chambers,  means  for  compressing  gas  and 
air  in  said  accumulators  at  a  relatively  high 
pressure,  and  means  for  admitting  said  gas  and 
air  at  reduced  pressure  to  said  explosion  cham- 
bers, in  combination  with  a  common  cam  shaft 
controlling  the  inlets  to  said  chambers,  a  com- 
mon exhaust  passage  into  which  said  chambers 
open  and  forwardly  and  backwardly  directed 
passages  branching  from  said  exhaust  to  the 
exterior  of  said  vessel,  substantially  as  and  for 
the  purpose  described. 
982,632.  AIR-COMPRESSOR.  Frank  M.  Prath- 

ER,  Los  Angeles,  Cal. 

1.  An  air  compressor,  comprising  a  circular 
frame  keyed  to  *a  driving  shaft,  cylinders  dis- 
posed in  said  frame  extending  radically  from 
said  shaft,  pistons  in  said  cylinders  workably 
connected  to  a  crank  on  a  driven  shaft  and 
adapted  to  reciprocate  in  said  cylinders,  the 
driven  shaft  being  in  alinement  with  the  driving 
shaft  and  the  crank  thereon  carrying  the  pistons 
being   eccentric   thereto,   and    means   to   feed   air 
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981,818.  PROCESS  OF  REGULATING  AND 
MAINTAINING  HUMIDITY.  Harry  D.  Tie- 
MANN,  Washington,  D.  C.  (Dedicated  to  the 
public). 

1.  The  herein  described  method  of  regulating 
and  controlling  the  humidity  in  gas  consisting  in 
first  raising  the  dew  point  to  a  temperature 
above  that  required  for  the  desired  vapor  ten- 
sion, then  lowering  the  dew  point  by  condensing 
the  surplus  vapor  to  the  temperature  corre- 
sponding to  the  proper  vapor  tension,  maintain- 
ing this  vapor  tension  by  controlling  the  tem- 
perature of  the  condensing  surfaces  or  bodies 
and  then  heating  the  gas  and  vapor  to  the  de- 
gree finally  desired. 

JANUARY    24. 

982,393.  APPARATUS  FOR  FORCING  AIR. 
iRA   H.    Spencer,    Hartford,    Conn. 

982,397.  HAMMER-DRILL.  Albert  H.  Tay- 
lor, Easton,   Pa. 

982,488.  DEVICE  FOR  SEPARATING  LI- 
QUIDS OR  SOLIDS  FROM  GASES.  Joseph 
WiLLARD    Gamble,    Philadelphia,    Pa. 
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into    said    cylinders    on    the    relative    rotation    of 
said  shafts.  • 

982,660.     AIR-PUMP.     John   Dickens,   Passaic, 

N.  J. 
982,680.     AIR-VALVE.     Lorenze  Iversen,  West 

Homestead,  Pa. 
982,714.     TESTING  DEVICE  FOR  AIR-BRAKE 

SYSTEMS.     Fred  A.   Gilfus,  Auburn,  N.  Y. 
982,734.     SEDIMENT-REMOVER.    Arturo  Mar- 

tinelli,  West  Hoboken,  N.  J. 

982.753.  MULTIPLE-EFFECT  GAS-COMPRESS- 
ING APPARATUS.  Gardner  Tufts  Voor- 
HEES,  Boston,  Mass. 

982.754.  PROCESS  FOR  THE  MANUFAC- 
TURE OF  GAS.  George  H.  Waring,  Omaha, 
Neb. 

1.  The  process  of  making  gas  which  consists 
in  passing  air  through  a  burning  fuel  bed  to 
heat  it  and  generate  combustible  gas  in  a  gen- 
erator and  passing  off  said  gas  to  and  burning  it 
with  secondary  air  in  a  chamber  to  heat  the 
latter,  and  then  passing  oil  down  through  the 
hot  fuel  bed  to  generate  oil  gas  and  oil  vapors 
and   partly   decompose   them    into   their  elements 
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of  which  the  carbon  remains  in  greater  part  in 
the  bed  and  completing  this  decomposition  of 
the  oil  vapors  and  oil  gas  and  the  manufacture 
of  gas  rich  in  hydrogen  by  passing  said  vapors 
through  said  pre-heated  chamber. 
982.773.       CLAMPING     DEVICE.       Albert     B. 

Wood,  New  Orleans,  La. 

1.  A  clamping  device  comprising  of  movable 
member  provided  with  a  passage,  and  means 
whereby  fluid-pressure  may  be  applied  to  the 
member,  the  fluid  directly  co-operating  with 
said  member  having  access  to  the  passage. 

JANHCJART    31. 

•982,851.     PNEUMATIC   SAW.     Charles   J.   Os- 

LON,  Muskegon,   Mich. 
■982.860.     VACUUM  JAR-CLOSURE.     Willis  J. 

Peeble,    Summitville.Ind. 


ENTs  January  24. 

982,895.     ROTARY  PUMP.     Albert  E.   Stoker, 

Chicago,   111. 
982,903.      ATOMIZER.      John    S.   Thurman,    St. 

Louis,  Mo. 
982,906.      LUBRICATION   APPARATUS.     John 

Triftshauser,   Hornell,   N.   Y. 
982,923.      SUCTION    APPARATUS.      Ferdinand 

983.010.  '  ROTARY  COMPRESSOR.  Theodore 
R.  Vinzent  and  Fred  C.  Bell,  Alameda,   Cal. 

983,101.  FLUID-PRESSURE  GOVERNOR.  Mat- 
thew J.  Weber,  Columbus,  Ohio. 

983,212.  MACHINE  FOR  RAISING  AND  LOW- 
ERING LADDERS.  Edward  F.  Dahill,  New 
Bedford,  Mass. 

983,233.  AERIAL  MACHINE.  James  Hum- 
PHRis,   Johannesburg,  Transvaal. 

983,243-4.  AIRSHIP.  Cassius  E.  Lamburth, 
San   Francisco,   Cal. 
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SHALLOW  AGAINST  DEEP  HOLES 
IN  HEADINGS 

By  W.  L.  Saunders. 

The  most  marked  difference  between  the 
system  of  driving  headings  in  rock  in  America 
as  compared  with  the  European,  or  what  is 
generally  known  as  the  Alpine,  system  is  that 
in  America  deep  holes  are  driven  while  in 
Europe  the  holes  are  shallow.  Holes  8,  10 
and  even  12  feet  deep  are  not  uncommon  in 
tunnel  headings  in  the  United  States,  while  in 
the  Alps  the  usual  depth  of  hole  is  only  a 
little  more  than  one-third  of  these  figures. 

It  is  now  generally  admitted  by  engineers 
of  experience  in  this  matter  that  tunnels  are 
driven  in  the  Alps  at  double  the  speed  at  which 
they  are  driven  in  the  United  States,  hence  it 
becomes  a  question  of  moment  as  to  what  in- 
fluence shallow  holes  have  upon  the  speed  of 
tunnel  driving.  In  considering  this  subject  we 
at  once  ask,  what  size  of  rock  drill  is  used? 
It  would  seem,  of  course,  that  in  these  shallow 
holes  smaller  drills  must,  be  used,  but  this  is 
not  the  case.  The  rapid  tunnel  driving  in  the 
Alps,  where  shallow  holes  are  put  in,  is  done 
with  drills  about  3^  or  3^  inches  in  diameter, 
and,  as  in  the  case  of  the  Loetschberg  south 
heading,  these  drills  are  made  in  America,  and 
are  identical  with  those  used  here  for  the  same 
class  of  work. 

The  next  question  is,  what  is  the  nature  of 
the  rock?  and  the  answer  to  this  is  that  it 
does  not  make  any  difference.  The  rock  may 
be  hard  or  soft,  yet  there  appears  to  be  in 
America  a  general  tendency  to  use  deep  holes, 
while  in  Europe  there  is  the  opposite  tendency. 

The  distinct  difference,  however,  is  in  the 
mounting  of  the  rock  drill,  which  in  the  United 
States   is   a   column   or   a   shaft  bar.   while   in 


Europe  it  is  a  small 'carriage,  carrying  a  shaft 
bar  or  column,  and  in  this  we  have  the  key 
to  the  situation.  A  column  carrying  a  rock 
drill  on  an  arm,  which  is  the  usual  practice, 
must  have  the  muck  cleared  away  at  its  base 
and  it  must  be  jacked  in  place  securely.  The 
rock  drill  when  mounted  on  this  column  has 
a  limited  range  of -working;  only  a  limited 
number  of  holes  can  be  drilled  before  this  col- 
umn must  be  moved  to  another  place,  hence 
the  tendency  is  to  put  in  those  holes  as  deep 
as  practicable,  so  as  not  to  lose  time  in 
changing  the  mounting. 

In  the  Alps  a  single  bar  carries  all  the  drills 
and  this  bar  when  once  put  in  place  across  the 
heading,  by  means  of  the  carriage,  is  securely 
jacked,  and,  except  where  the  conditions  are 
exceptionally  difficult,  it  serves  until  all  the 
holes  are  drilled.  This  bar  forms  a  rigid  abut- 
ment resisting  the  blow  of  the  drill.  It  is 
usually  placed  above  the  top  of  the  muck  and 
in  some  cases  it  is  lowered  afterwards  for  the 
bottom  holes,  but  in  no  case  does  it  require 
anything  like  the  time  or  attention  for  adjust- 
ments that  is  usual  with  the  column  system. 
As  it  is  an  easy  matter  to  move  a  rock  drill 
from  one  hole  to  another  on  this  horizontal 
bar  it  it  not  considered  so  important  to  put  in 
deep  holes.  On  the  contrary  a  large  number 
of  shallow  holes,  closer  together  and  without 
the  rule  of  three  figuring  as  to  alignment,  is 
found  to  be  best  in  the  long  run. 

In  horizontal  hole  drilling  it  is  often  true 
that  the  first  three  or  four  feet  of  hole  are 
drilled  much  more  rapidly  than  at  greater 
depths ;  that  is,  as  the  hole  gets  deeper  the 
working  of  the  drill  is  obstructed  by  the  cut- 
tings which  are  not  so  easilj'-  freed,  by  the 
friction  of  the  long  steel  upon  the  walls  of 
the  hole,  by  the  running  of  the  hole  out  of  line 
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:\\\{\  1)\  tlu'  «.-\ct'ss  til'  lalxM'  put  npmi  tin-  rmk 
«lrill  lo  rccipriHMti'  llu-  lu;i\\-.  \nu^  stnl.  Aii- 
Dtlur  (lisa(l\  ant.im'  is  that  iK-i-p  Iioks  arc  not 
usually  as  larj^c  in  diaiiu'ttr  at  the  hottoni  as 
shallow  hoUs.  luiur  there  is  less  coneentra- 
tion  of  explosive  where   it   is  most   needed. 

Shallow  holes  wi-ll  tilled  with  dxnaniitc 
hreak  up  the  niadrial  better  and  are  more 
apt  to  throw  from  the  lace,  while  the  deep 
holes  dislodj^e  hea\  v  masses,  which  sometnncs 
must   he  ai>ain   broken   up  before  handling. 

An  interestinjLj  record  bearinij:  ni)on  this  sub- 
ject is  ^iven  by  Mr.  John  P.  Ramsey  in  a  re- 
cent issue  of  I:n!^inrcriii!^-L'(>ii  tract  ill  <^.  Mr. 
Ramsey  states  that  in  a  pi)rtion  of  the  work 
for  the  construction  of  the  New  \'ork  .\(pie- 
duct  the  deep  hole  method  was  first  used  in 
driving;-  the  headiuL^s.  lie  sa>s :  "We  drilled 
19  holes  10  feet  deep  for  the  dry-side  and 
break-down  holes,  and  six  holes  9  feet  deep 
for  the  cut  holes."  One  of  the  difficulties  re- 
vealed by  experience  was  that  the  deep  holes 
interfered  with  other  details  of  a  regidar  work- 
ing schedule;  that  is.  the  drilling  took  almost 
a  two-shift  period  while  the  other  operations 
only  some  5^2  hours,  and  having  no  working 
schedule  the  men  were  inclined  to  lag  behind. 
Furthermore,  the  drill  holes  were  so  deep  that 
the  explosion  did  not  pull  to  the  bottom  of 
the  hole,  resulting  in  a  loss  which  Mr.  Ram- 
sey estimates  as  some  25  per  cent,  of  the  holes. 
He  says  at  times  it  was  necessary  to  shoot  the 
cut  three  or  four  times  before  the  blast  was 
effective.  He  also  speaks  of  the  difficulties  en- 
countered by  the  steels  sticking,  usually  after 
the  hole  was  8  feet  deep. 

In  order  to  improve  the  service  experiments 
were  made  with  holes  of  different  depths,  and 
it  was  finally  decided  to  use  holes  of  6  feet 
depth  for  the  side  rounds  and  5  feet  cut ;  the 
result  of  this  change  in  the  system  was  that 
they  now  get  two  rounds  during  the  24  hours, 
while  before  they  got  only  one  and  a  fraction 
round  in  the  same  time.  The  new  system 
gives  them  a  consistent  working  schedule,  the 
men  doing  the  same  work  day  after  day  and 
thus  becoming  more  efficient.  Tables  are  given 
which  show  that  the  reduction  of  feet  actually 
drilled  per  yard  of  rock  removed  w^as  15^ 
per  cent.,  and  a  saving  of  lost  holes  per  yard 
of  rock  removed  was  46  per  cent.  Almost  ^ 
a  pound  of  dynamite  was  saved  per  yard  re- 
moved, and  the  final  cost  of  the  work  showed 
a  saving  of  69  cents  a  yard,  together  with  an 


increasid  vardaj^i'  of  11  pir  cent.  Mr.  Ram- 
sey concludes  with  the  stateiui-nt  that  "this  is 
stif^lciinl  proof  that  the  shallow  hole  is  more 
economical  than  the  di-ep  hole  in  driving  head- 
ings." 


THE  BALANCED   LIFE* 

I'.v   J.    b.   Kkmi'. 

One  day  in  the  month  of  .August  last,  I  sat 
down  on  the  sunnnit  of  a  high  ridge  in  Swed- 
ish Lapland,  far  within  the  polar  circle.  It  is 
always  an  unusual  experience  for  a  dweller 
in  our  latitudes  to  look  away  from  a  com- 
manding peak  over  these  far  northern  land- 
scapes. They  are  in  themselves  lonely  in  the 
extreme,  and  except  in  unusual  cases,  almost 
without  visible  life.  The  scattered  communi- 
ties of  Lapps,  with  their  herds  of  reindeer,  or 
perhaps,  in  favorable  meadowlands,  a  venture- 
some family  or  two  of  Finns,  are  all  that 
can  be  normally  expected.  The  surface  is  an 
expanse  of  lake  and  bog,  with  now  and  then 
a  stretch  of  higher  ground  and  occasionally  a 
hill.  The  trees  are  stunted  and  gnarled  by  the 
storms  and  cold,  and  the  smaller  vegetation 
hugs  the  ground  in  a  thick  mat.  And  yet, 
right  before  my  eyes,  and  not  ten  years  old, 
was  a  town  of  7500  inhabitants,  with  hotels, 
shops,  comfortable  homes,  and  school-houses, 
as  good  as  anything  in  our  latitudes,  and  a 
thousand  children  in  them,  with  pictures,  maps, 
and  even  some  well-executed  works  of  art 
upon  the  walls.  I  really  saw  a  community  in 
the  making — the  embryo  of  a  little  State.  It 
made  a  profound  impression  upon  me.  Now, 
a  community  in  the  making  is  not  an  alto- 
gether unaccustomed  sight  to  us  in  America. 
We  who  have  been  in  the  West  have  seen  it 
often,  and  some  of  us  have  shared  in  the 
process.  But  in  our  latitudes  the  conditions 
usually  permit  the  growing  of  those  things 
which  are  good  for  food,  or  shelter,  or 
warmth.  The  days  are  not  tw^enty-four  hours 
long  in  summer  and  no  hours  at  all  in  winter. 
The  frost  does  not  come  on  the  last  of  Au- 
gust, nor  the  snow  in  September,  and  remain 
till  Alay  or  later.  The  water-pipes  are  not  of 
necessity  laid   eight   feet  underground  to  pre- 
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vent  their  freezing,  nor  are  they  bedded  in 
non-conductors  against  the  all-pervasive  cold 
of  winter.  We  seldom  reach  the  almost  irre- 
ducible minimum  of  which  I  speak.  The  ridge 
on  which  I  sat  constituted  one  of  the  largest 
and  richest  bodies  of  iron  ore  yet  discovered, 
and  the  cause  of  the  railway  and  of  the  flour- 
ishing town  was  the  plan  to  mine  the  ore  and 
ship  it  to  fill  the  hungry  throats  of  furnaces 
in  Europe  and  America.  And  when  I  thought 
of  my  friend  of  twenty  years  standing,  who 
was  the  one  who  had  developed  it  all  and  who 
was  now  the  manager — realizing  his  almost 
impossible  dreams — I  could  not  help  thinking 
of  the  position  he  held  as  the  leader  of  this 
community  so  far  from  others  of  its  kind. 
Seven  or  eight  thousand  people  to  be  fed, 
clothed,  warmed,  educated,  employed,  and 
welded  into  a  unit. 

On  that  summit  in  Lapland  my  thoughts  ran 
over  the  ocean  to  our  beloved  university,  and 
I  could  not  help  seeing  in  my  mind's  eye  the 
long  procession  of  engineers  who  have  gone 
out  and  who  have  in  some  cases,  I  well  know, 
had  the  duty  and  responsibility  of  organizing 
similar  communities.  A  mine  or  a  manufac- 
tory is  always  the  foster-mother  of  a  com- 
munity. It  furnishes  directly  or  indirectly  all 
the  means  of  subsistence.  The  manager  carries 
many  responsibilities  other  than  the  mere  busi- 
ness. Away  off  in  Lapland,  as  I  looked  over 
the  town  of  Kiruna,  I  could  not  help  thinking 
of  the  importance  of  giving  it  and  every  simi- 
lar community  an  individuality,  a  character, 
and  a  solidarity  as  the  years  pass.  The  life  is 
more  than  meat  and  the  body  than  raiment. 
The  daily  task  must  be  performed,  indeed,  the 
daily  wage  must  be  earned,  the  commercial 
organization  must  be  perfected,  but  after  that, 
and  beyond  all  that,  a  community  of  feeling 
must  be  fostered,  an  interest  of  man  in  man 
must  be  established,  a  life  of  the  spirit  must 
be  developed  to  hold  men  and  families  to- 
gether. While  we  work  in  our  laboratories, 
learn  to  construct  our  beams  and  girders, 
build  our  railways,  smelt  our  ores,  make  our 
profits,  and  all  that,  it  is  not  altogether  with 
these  material  objects  that  our  graduates  must 
deal,  but  with  families  and  communities  and 
all  their  varied  interests.  Pig  iron,  steel  rails 
or  beams,  and  profits,  are  not  the  whole  story, 
but  the  welfare  of  men,  women,  and  children 
is  equally  involved.  This  latter  responsibility 
no  manager  can   escape. 


DRAINING  COMPRESSED  AIR 

By  Frank  Richards. 
It  may  be  well  at  the  beginning  to  call  atten- 
tion to  the  wording  of  the  title  of  this  article. 
It  relates  not  to  the  drying  but  to  the  draining 
of  the  air,  the  significance  of  which  distinction 
it  is  hoped   will  be  evident  later. 

In  the  use  of  compressed  air,  especially 
where  it  has  to  be  transmitted  any  considerable 
distance  from  the  compressor  to  the  point,  or 
more  frequently  the  several  points,  where"  it  is 
to  be  employed,  there  is  still  in  too  many  cases 
serious  trouble  caused  by  the  condensation, 
and  often  by  the  freezing,  of  the  moisture 
carried  by  the  air.  This  water  trouble  has 
been  familiar  to  all  users  of  compressed  air 
from  the  beginning,  and  the  cause  of  the  pres- 
ence of  water  in  the  air,  and  the  conditions 
necessary  for  its  elimination  are  quite  gener- 
ally understood.  As  to  actually  getting  rid  of 
the  water,  however,  if  not  entirely,  at  least  to 
beyond  the  stage  of  annoyance,  there  is  still 
some  of  the  too  familiar  difference  between 
theory  and  practice  which  so  often  results  from 
the  incompleteness  of  the  former  as  applied  to 
a  specific  case. 

One  of  the  greatest  of  the  world  functions 
of  the  atmosphere  is  the  conveying  and  the 
distributing  of  water  all  over  the  earth.  This 
is  a  work  in  which  it  is  constantly  employed, 
so  that  when  we  interrupt  it  in  its  work  by 
seizing  portions  of  the  air  to  use  for  other 
purposes,  it  does  not  drop  its  water  to  do  our 
bidding  but  brings  the  water  along  with  it,  so 
that  all  air  when  we  take  it  into  our  compres- 
sors contains  a  considerable  proportion  of 
moisture. 

Normal  atmospheric  air  is  usually  not  com- 
pletely saturated  with  moisture,  but  for  any 
combination  of  relative  volume  and  of  abso- 
lute temperature  there  is  always  a  fixed  point 
up  to  which  it  will  continue  to  absorb  water  if 
in  contact  with  it,  and  beyond  which  it  will 
immediately  begin  to  give  up  the  excess  of 
moisture.  Either  a  change  of  volume  or  a 
change  of  temperature  will  immediately  change 
the  moisture-carrying  capacit}'  of  the  air.  In 
the  operation  of  compressing  the  air  we  vio- 
lently change  both  of  the  great  conditions 
which  determine  its  capacity  of  humidification, 
and  it  might  be  expected  consequently  that  re- 
leased water  would  be  at  once  in  evidence.  It 
happens,  however,  that  the  two  conditions 
which  are  so  greatly  and  so  suddenly  changed 
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I)\  the  iDinprcssioii  ul  the  air  work  against, 
and  largely  neutralize,  each  other,  so  tliat  the 
water  in  the  air  np  to  this  point  is  not  likely 
to  show  itself.  As  the  voliune  of  air  is  re- 
duced, as  it  is  often  to  one-fourth  or  even  to 
one-eighth  of  the  normal  hy  a  single  compres- 
sion, the  water-carr_\  ing  capacity  of  the  air  is 
also  proporti»Miately  reduced,  or  it  would  be 
were  it  not  that  the  air  is  at  the  same  time 
heated  hy  the  compression,  and  the  rise  of 
temperature  increases  the  thirst  of  the  air 
more  than  the  reduction  of  volume  would 
change   its   capacity. 

The  moisture  in  air  up  to  the  point  of  sat- 
uration is  perfectly  transparent  and  invisible, 
but  immediately  that  the  saturation  point  is 
passed  some  of  the  moisture  is  condensed  and 
is  distributed  through  the  air  in  the  form  of 
minute  globules  of  actual  water,  which  may 
not  be  individually  visible,  but  which  are  so 
when  the  super-saturated  air  is  seen  in  the 
mass. 

How  suddenly  water  may  change  from  the 
invisible  to  the  visible,  or  from  the  vaporous  to 
the  liquid  state,  I  learned  as  a  boy  when  I 
used  to  watch  the  running  of  a  glass  steam 
engine.  This  was  a  wonder  (for  its  time, 
more  than  50  years  ago)  which  used  to  be  ex- 
hibited by  a  traveling  troupe  of  glass-blowers. 
It  was  a  complete  beam  engine  like  a  steam- 
boat engine,  with  steam  boiler  heated  by  an 
alcohol  lamp  and  a  jet  condenser  and  air 
pump,  all  of  perfectly  transparent  glass  and 
illuminated  so  that  the  true  inwardness  of  all 
was  perfectly  visible.  You  could  see  in  the 
boiler  the  water  in  violent  agitation  and  in  the 
condenser  the  jet  of  cold  water  squirting  in, 
with  a  cycle  of  fluctuation  corresponding  to  the 
revolution  of  the  engine,  and  also  the  continual 
removal  by  the  "air"  pump  of  the  accumulating 
water  in  the  condenser ;  but  in  the  boiler  and 
in  the  condenser,  and  all  the  w^ay  between 
them,  there  was  no  visible  fluid  movement, 
except  for  a  single  instant  of  each  stroke,  this 
invisibility  of  the  steam  making  the  operation 
of  the  engine  as  a  whole  to  seem  as  absurd, 
and  the  connection  and  sequence  of  cause  and 
effect  as  lacking,  as  when  one  gets  a  glimpse 
into  the  window  of  a  ballroom  when  the  waltz 
is  in  full  swing  without  being  able  to  hear  a 
note  of  the  music. 

The  exceptional  moment  noted  was  just 
when  the  exhaust  occurred  in  the  cylinder, 
and  then  like  a  flash  it  was  filled  with  fog,  so 


that  as  one  would  say,  the  steam  became  vis- 
ible, although  in  fact  the  steam,  or  that  portion 
of  it  which  became  visible,  had  ceased  to  be 
steam  and  was  instead  water  of  condensation 
which  had  become  so  by  giving  up  its  heat  to 
nionientarily  sustain  the  vaporous  eonditi(jn  of 
the    other   portion. 

The  vapor  of  water  when  it  is  mixed  with 
air  is  invisible,  just  as  it  is  when  it  is  not 
mixed  with  air,  and  it  becomes  visible  in  the 
same  way  when  condensation  of  a  portion  of 
it  occurs. 

I  have  often  wished  that  we  could  have 
.some  compressed  air  pipes  of  glass,  or  at  least 
some  peep  holes  by  which  we  could  see  inside 
the  pipe.  When  the  compressed  air  is  first  dis- 
charged from  the  compressor  it  is  hot,  and 
being  hot  it  is  not  oversaturated,  and  there- 
fore we  may  assume  the  air  to  be  perfectly 
transparent.  If,  however,  the  compressed  air 
is  then  cooled  down  to  normal  temperature 
the  point  of  saturation  will  be  passed,  some  of 
the  vapor  will  be  turned  to  water,  and  then 
there  will  be  some  visibility  to  the  entire  mass. 

This  cooling  of  the  air,  with  the  consequent 
condensation  of  a  portion  of  the  water  in  it, 
may  occur  immediately  upon  its  leaving  the 
compressor  if  the  air  is  passed  through  an 
aftercooler,  or  it  may  occur  gradually  and  be 
completed  at  a  considerable  distance  from  the 
compressor  if  the  air  is  only  slowly  cooled  by 
its  flow  through  the  pipes.  In  either  case  the 
water  is  still  in  the  air,  and  the  change  of  the 
water  from  the  vaporous  to  the  liquid  state 
has  not  got  rid  of  it. 

It  is  assumed  by  many  that  if  an  aftercooler 
is  used,  and  if  the  air  then  goes  from  the 
aftercooler  to  a  receiver,  it  wall  there  give  up 
its  suspended  w^ater,  but  this  is  found  not  to 
be  true  to  any  great  extent.  We  may  assume 
that  the  minute  globules  of  water  are  distrib- 
uted through  the  air  just  as  particles  of  dust 
might  he,  and  that  although  they  are  heavier 
than  the  air  it  must  take  time,  and  perhaps 
much  time  for  them  to  settle  and  separate 
from  the  air,  especially  when  it  is  moving 
rapidly  through  the  pipes. 

The  globules  of  liberated  water  still  un- 
precipitated  from  the  air  differ  from  dust 
particles  in  one  important  particular.  Dust 
does  not  attach  itself  to  anything  as  it  is  car- 
ried along,  and  has  nothing  but  its  weight  to 
hold  it,  even  when  it  settles  at  the  bottom  of 
any  pipe  or  channel  through  which  it  may  be 
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blown.  Water,  however,  wets  and  clings  ta 
everything  it  touches.  In  flowing  through 
pipes  the  air  has  a  rolling  rather  than  a  slid- 
ing motion,  so  that  practically  all  of  it  some- 
where comes  in  contact  with  the  walls  of  the 
pipe,  and  if  there  is  free  moisture  in  the  air 
the  surfaces  will  be  wet  by  it,  and  the  water 
will  accumulate  and  trickle  down,  and  flow  in 
a  stream  along  the  bottom,  and  pockets  may 
be  placed  in  the  pipe  at  the  low  points,  and 
here  the  water  may  be  drawn  ofif  from  time  to 
time. 

If  the  temperature  of  the  pipe  be  only  a  few 
degrees  below  the  freezing  point  the  water 
contained  in  the  air,  instead  of  trickling  down 
the  interior  will  freeze  fast  just  where  it 
touches,  and  thus  it  may  accumulate  in  succes- 
sive layers  until  the  internal  diameter  of  the 
pipe  is  much  reduced  or  the  flow  of  air  is  even 
choked  off  entirely.  This  is  by  no  means  un- 
familiar experience  with  some  installations  in 
the  winter,  and  constitutes  a  serious  trouble. 

The  wetting  and  clinging  habit  of  water 
makes  it  quite  possible  to  construct'  compact 
separators  which  are  effective  in  removing 
released  water  immediately  that  the  air,  by 
passing  through  an  intercooler  or  otherwise, 
is  brought  to  the  favorable  condition  of  high 
pressure  and  low  temperature.  In  such  sep- 
arators baffle  plates  are  employed,  and  the 
water-laden  air  wets  these  plates  and  the 
water  drops  or  runs  down  from  them  and  ac- 
cumulates at  the  bottom  to  be  drawn  off. 

Whatever  the  arrangements  employed,  it  is 
always  to  be  remembered  that  provision  must 
be  made  or  opportunity  must  be  provided  not 
only  for  the  condensation  of  the  superfluous 
moisture  in  the  air  after  compression  but  also 
for  draining  it  off  or  for  taking  it  out  of  the 
air. — Engineering  Record. 


THE  NASCENT    OXYGEN    THEORY   IN 
BLEACHING 

One  of  the  reasons  to  which  hydrogen  per- 
oxide is  believed  to  owe  its  strong  oxidizing 
properties  is  that  the  oxygen  is  set  free  from 
the  peroxide  exactly  at  the  spot  where  it  is 
to  be  used  and  is  in  what  chemists  call  the 
''nascent"  condition,  that  is,  the  oxygen  atoms 
have  >  not  formed  any  combination  among 
themselves,  so  that  all  their  energies  are  avail- 
able. It  must  always  be  remembered  when 
bleaching  or  taking  stains  out  of  any  fabric, 
that   the    oxygen    atoms    are   no    respecters   of 


persons,  so  to  speak,  and  will  oxidize  anything 
that  is  open  to  attack,  whether  it  be  the  stain 
you  want  removed  or  the  coloring  matter  with 
which  the  garment  is  dyed.  Nevertheless,  the 
majorit}'-  of  dyes  are  less  readily  open  to  attack 
as  a  rule  than  the  matter  which  causes  the 
stain,  so  that  if  the  launderer  proceeds  ju- 
diciously he  can  generally  succeed  in  removing 
the  one  without  interfering  much  with  the 
other.  The  important  thing  in  applying  all 
bleaches  and  stain  removers  is  to  confine  their 
actions  as  closely  as  may  be  to  the  spot  where 
the  stain  rests,  and  to  rinse  them  out  directly 
their  work  is  accomplished,  before  they  have 
time  to  turn  their  attention  to  the  coloring 
matter   in  the  garment. 


BLOWING  WINDO\A^  GLASS 

In  a  few  years  not  a  pane  of  glass  will  be 
made  by  hand ;  as  the  glass  industry,  from 
being  one  of  the  most  backward,  is  becoming 
one  of  the  most  progressive,  and  the  possibili- 
ties for  the  scientific  man  and  the  inventive 
genius  are  great,  as  the  field  is  practically  new 
and   has  great   opportunities   for   development. 

A  few  years  ago  glass  manufacturers  sought, 
and  paid  big  salaries  to,  "master  teazers"  (men 
who  superintend  melting  tank  and  mixture  of 
materials)  who  were  the  alchemists  in  glass, 
and  who,  three  or  four  times  a  day,  threw  into 
the  tank  a  mysterious  secret  powder  that  was 
supposed  to  purify  the  glass.  Now  the 
chemist  has  applied  pyrometers  to  keep  the 
temperature  even  and  pays  attention  to  the 
purity  of  the  materials,  so  the  old  master 
teazer    has    lost    his    mysterious    importance. 

MELTING    RAW    MATERIALS.       LADLING. 

Glass  is  melted  and  purified  for  working  in  a 
large  tank,  averaging  about  20x60  feet,  and 
built  of  fireclay  blocks  a  foot  thick  and  with 
a  roof  of  silica  brick.  The  general  construc- 
tion of  the  tank  is  similar  to  that  of  a  regen- 
erative open-hearth  steel  furnace,  the  fuel 
most  commonly  used  being  natural  gas,  and 
the  direction  of  the  flame  being  periodically 
reversed,  so  as  to  recover  the  stack  heat  in 
firebrick  checker  work,  and  also  to  prevent 
burning  out  the  passages. 

Raw  materials  are  generally  mixed  by  hand, 
but  a  few  of  the  more  progressive  plants  are 
now  employing  machinery  to  mix  and  deliver 
the  batch  to  the  tank,  somewhat  as  an  auto- 
matic stoker  feeds  a  boiler,  care  being  taken 
that  it  is  thoroughly  mixed  and  placed  in  the 
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tank  with  as  little  clisturhaiicc  as  possible,  as. 
if  tlinnvn  in  carelessly,  the  Hying  dust  of  the 
Ihix  woniil  assail  the  walls  ami  roof  of  the 
tank. 

rile  ladle  used  in  dippiiii;  the  j^hiss  from  the 
tank  i>  a  hemispluTe  of  pn-ssed  steel,  JO  to 
25  inches  in  diameter,  a  (piarter  of  .in  inch 
thick  :  to  which  is  attached  a  stout  pipe  handle 
aht)ui  j4  feet  long,  and  a  side  handle  project- 
ing from  this  at  right  angles,  for  dumping. 
The  ladle  is  supported  from  a  crane  in  a 
loose  collar,  which  allows  movement  in  all 
directions.  The  ladle  is  made  hemisi)herical 
hecause  other  shapes  were  found  to  produce 
uneipial  cooling  of  the  mass,  showing  what 
trivial  defects  become  serious  matters  in  glass 
manufacture. 

-At  a  signal  from  the  tnachine  operator,  the 
ladler  and  his  assistant  approach  the  tank 
with  the  ladle  bottom  side  up.  When  the  ladle 
is  a  few  feet  from  the  tank  the  door  is  raised 
and  the  ladler  shoves  the  ladle  totally  inside 
the  tank  with  the  rim  of  the  ladle,  now  up- 
side down,  just  over  the  surface  of  the  glass. 
Then,  turning  the  ladle,  with  the  main  handle 
as  the  a.xis.  it  is  tilled  by  cutting  (so  to  speak) 
a  h.emisphere  of  glass  out  of  the  tank  with  the 
least  possible  disturbance.  If  this  part  of  the 
operation  is  done  carelessly,  or  with  a  dipping 
motion  that  allows  the  glass  to  flow  into  the 
ladle,  the  tendency  is  to  form  air  bubbles  and 
unequal  cooling  strains,  and,  if  persisted  in,  it 
will  mess  the  glass  up  to  an  unworkable  state. 
If  air  bubbles  are  formed  in  the  tank,  they 
require  hours  and  days  to  burn  out,  and  if 
formed  in  a  ladle  of  glass,  a  bubble  as  big  as 
a  pin  head  will  draw  the  length  of  a  30-foot 
^'roller"  (as  the  cylinder  of  glass  is  called), 
and  be  clearly  visible.  This  being  a  defect, 
many  bubbles  will  make  the  roller  worthless. 

To  return  to  our  ladler;  as  the  semi-rotation 
of  the  ladle  is  about  completed,  the  ladler  lifts 
it  out  of  the  body  of  glass,  and  tries  to  do  so 
in  such  a  way  that  the  drip  that  forms  on 
the  ladle  edge  last  leaving  the  surface  of  the 
glass  is  cut  oflf.  This  can  be  done  so  that  no 
drip  is  left. 

Removing  the  glass  from  the  ladle  to  the 
machine  is  the  most  important  part  of  the  lad- 
ling, and  is  accomplished  in  one  of  two  gener- 
ally approved  methods.  The  idea  in  both  is 
to  remove  it  with  as  little  disturbance  as 
possible  and  to  make  the  necessary  disturbance 
•equal    in    all    directions.     The   more   generally 


used  method  is  to  start  to  pour  on  one  side 
of  the  pot,  and  then,  by  moving  the  ladle  over 
tln'  toi)  of  tile  |)ot,  the  glass  is  placed  some- 
what as  a  pie  is  put  on  a  plate  by  slii)ping  the 
pan  from  under  the  pie.  This  method  causes 
greater  unevenness  of  |](»w  than  (Iropi)ing  the 
mass  in  the  center,  but  eliminates  the  liability 
to  torni  air  bubbles,  and  brings  the  drip  to  the 
edge  of  the  \u)[  where  it  is  practically  harm- 
less. 

(JL.ASS-HLOVVING     MACHINES. 

The  principal  methods  of  manufacturing 
window  glass  by  machinery  are  the  cylinder- 
pot-drawing  machine,  drawing  cylinders  di- 
rectly from  the  tank,  and  drawing  the  glass  in 
a  continuous  sheet  directly  from  tank.  Of 
these,  the  sheet  machine,  although  unperfect- 
ed.  is  the  most  nearly  ideal,  as  it  eliminates  the 
ladling  and  flattening  necessary  by  the  first 
method,  thereby  producing  a  pane  of  glass 
of  unequaled  brilliancy.  The  cylinder  machine, 
drawing  direct  from  the  tank  is  the  ideal  cyl 
inder  machine,  as  it  eliminates  the  ladling 
process,  but  so  far  has  not  been  perfected  so 
as  to  compete  w^ith  the  pot  machine.  The  cyl- 
inder-pot-drawing machine  is  the  one  drawing 
glass  commercially  to-day,  and  is  described  in 
general  as  follows : 

As  inferred  from  the  name,  the  pot  forms 
the  principal  part  of  the  machine.  It  is  a  shal- 
low pot  about  4  to  6  inches  deep  and  36  to  40 
inches  in  diameter,  having  a  uniform  thickness 
of  i^  to  2  inches.  It  is  made  of  specially 
high-grade  fire  clay  imported  from  Germany, 
the  clay  going  through  months  of  preparation 
before  the  pot  is  ready  to  put  in  the  machine. 
Some  of  these  operations  are  grinding,  age- 
ing for  several  months  and  tramping  with  bare 
feet.  This  latter  process  seems  rather 
mediaeval  at  first  glance,  but  it  is  the  only  one 
possible  to  accomplish  the  purpose,  that  of 
removing  air  bubbles  and  unground  pieces  of 
clay  or  stone.  During  all  this  period  it  is 
kept  at  a  certain  degree  of  moisture  by  being 
covered  with  cloth  and  sprinkled  day  and 
night. 

Figs.  I  and  2  show  sectional  views  of  two 
successful  pot  machines.  In  Fig.  i  the  pot  A 
is  double,  and  reversible  on  trunnions,  and  the 
principle  of  the  machine  is  that  while  one  side 
is  filled  with  glass  and  cylinder  being  drawn, 
the  other  side  is  being  cleansed  of  "bad  glass," 
or  undrawn  residue,  by  the  action  of  heat  from 
burners   B.     These   burners   are   also   used   to 
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FIG.  I.     SECTION  OF  POT    MACHINE. 

keep  the  pot  in  a  heated  condition,  which 
tends  to  keep  the  molten  glass  in  the  upper 
side  of  the  pot  at  an  even  temperature.  The 
drawing  and  cleansing  thus  being  simul- 
taneous the  machine  operation  is  continuous. 
These  pots  must  be  put  into  the  machine  al- 
ready heated  to  a  white  heat,  and  inserted 
quickly  to  prevent  sudden  cooling  and  conse- 
Fig.  2  shows  a  part  of  the  general  arrange- 


ment and  cross-section  of  the  other  machine, 
in  which  two  separate  pots  are  used  to  a  unit. 
Each  machine  consists  of  three  component 
parts  :  two  duplicate  furnaces,  each  containing 
a  pot ;  and  a  furnace  hood.  As  shown  in  sec- 
tional view,  the  pot  has  a  hole  in  the  center 
which  is  closed  by  a  movable  fireclay  plunger. 
Beneath  the  pot,  in  the  furnace  proper,  air- 
blast  gas  burners  are  inserted.  The  furnace 
hood  consists  of  a  fire-clay  covering  having 
telescopic  pipe  connections  for  the  burners, 
and  mounted  on  a  carriage  that  allows  of  the 
hood  being  moved  as  a  whole  from  one  pot  to 
over  the  other.  While  a  cylinder  of  glass  is 
being  drawn  from  one  pot,  the  bad  glass  is 
being  melted  from  the  other.  The  raising  and 
lowering  of  the  plunger  closes  and  opens  the 
bottom  of  the  pot  as   required. 

THE   BLOWPIPE   CARRIAGE. 

Over  these  machines  is  placed  the  structural- 
steel  framework  which  supports  the  "ways" 
for  the  blowpipe,  or  drawing  carriage.  The 
ways  consist  of  2-inch  cold-rolled  steel  shaft- 
ings, two  to  each  pot  of  each  machine,  spaced 
three  feet  between  centers.  Between  the  shafts 
and  the  arms  is  also  a  semi-circular  galvan- 
ized-iron  shield,  clearly  shown  in  Figs.  3,  4 
and  5;  the  object  being  to  protect  the  roller 
from  all  air  drafts  while  being  drawn  and 
cooled.  On  the  ways  are  the  blowpipe  carriages, 
one  of  which  is  shown  in  Fig.  6.  The  move- 
ment of  these  carriages  is  controlled  by  cables 
from  hydraulic  cylinders  supported  on  the 
structural  framework  in  the  rear. 


Pcirl  Side  View.  End  Cross  Section-. 

FIG     2       SECTION   OF  TWO-POT   M.ACHINE. 
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Till-  coiitrti]   iif  all   tlu-  laniaKcs   and   nf  tlu-  air    pipe,    and    while    this    lattrr    is    hciiij^   done 

air    supplied    U»   thr    hlnupipes    is   coiu'ent rated  the   furnaee-hcxtd  man   removes  tlie  Iiood   from 

at  the  operator's  stand,  which  is  locati-d  .ihout  the    pot    in    whieh    the    ladler    is    to    pour    the 

lo   feet    in    front   i^i,   and   central    with    thr   uia-  ^'h'lss. 

chines,    as    >-ho\\n    in     I'l.us.    ^    and    4.       h'ij^.    7  The     pipe     hciu)^     I'llKd,     the    operator    then 

shows  a   (hai^raui  of  thi-  air  and   watt'r   system  lowrr^    thr    carriaj^c    until    thi-    heated    head   of 

fi>r    the    hlowpipr    carrias^e.       The    water    is   dr-  thr  hlo\\pi|)e  iiitirs  the  mohcn  j^lass  ahont  an 

livcred  to  thr  main  \'\\\v  at   I50-poun(ls  pressure,  inch,  allowing  this  to  stand  a    few  seconds  for 

maintained  etmstant   h\    an  accumulator  wnich  the   ^hi'^''   <•»   adhere,      lie   tluii    very   carefully 

ant'  matic.allv    start<    and    stops    the    p'unp    as  t!irns  on   the  air  until  a  l);il)l)le  ai)pi"irs  undcr- 
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needed.  This  water  operates  the  plunger,  the 
stroke  of  which  is  half  the  travel  of  the  blow- 
pipe carriage.  The  plunger  is  connected  to 
the  carriage  by  a  ^2-inch  steel  cable  running 
over  pulleys  on  top  of  structural  framework. 
Air  is  supplied  to  the  main  air  line  at  6  to 
7  ounces  per  sqnare  inch,  by  a  steel  pressure 
blower,  and  this  pressure  is  maintained  con- 
stant by  an  aerometer  whose  action  is  auto- 
matic on  the  pressure  blower,  increasing  or 
decreasing  its  capacity-  as  needed  in  the  main 
line.  From  the  main  line  are  taken  branches 
for  each  blow^pipe  carriage. 

THE     BLOWING     PROCESS. 

At  a  signal  from  the  operator,  the  ladler  and 
helper  start  the  ladling  process  described 
above ;  at  the  same  time  the  blowpipe  man 
takes  a  blowpipe  from  the  heating  furnace 
where  a  number  of  them  are  being  heated  to 
a  cherry  red  on  the  lower  half  of  the  Norway 
iron  head.  Placing  the  blowpipe  in  "a  saddle, 
he  cleans  the  head  of  all  scale  and  glass  with  a 
rough  tile  and  makes  sure  that  the  air  hole 
is  clean.  Having  done  this,  he  brings  the 
blowpipe  to  the  carriage  and  attaches  it  to  the 


Fir,.  4.  FIG.  5. 

ncath  the  blowpipe.  This  latter  part  of  the 
operation  must  be  very  carefully  done,  lest 
too  much  air  be  turned  on,  blowing  out  to  one 
side  and  making  it  necessary  to  dump  the 
whole  pot  of  glass ;  as  once  blown  out,  it  is 
useless  to  try  to  form  a  new  bubble.  The 
bubble  being  formed,  the  carriage  is  started 
slowly  upward,  with  the  air  shut  of¥  for  an 
instant  and  then  gradually  turned  on  again, 
and  the  glass  begins  to  bulge  out,  forming  a 
neck  similar  to  that  of  a  bottle.  When  the 
neck  is  fully  formed, fth'e  air  valve  is  left  as  it 
is  at  this  point  and  the  speed  of  the  drawing 
is  slightly  increased,  averaging  about  40  inches 
per  minute,  depending  upon  the  quality  of 
the  glass,  temperature  and  thickness  desired. 
From  the  time  the  neck  is  formed  until  the 
cylinder  is  draw-n.  there  must  be  a  gradual 
and  scarcely  perceptible  increase  in  the  air 
supply  and  speed  of  drawing,  on  account  of 
the  varying  condition  of  the  air  pressure  and 
the  temperature  of  the  glass.  At  the  start  of 
the  cylinder,  the  entering  air  strikes  the  sur- 
face of  the  molten  glass  and  is  expanded, 
thereby  increasing  the  pressure.     As  the  cylin- 
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der  is  drawn,  the  mouth  of  the  blowpipe  re- 
cedes from  the  surface  of  the  molten  glass 
and  the  entering  air  becomes  less  and  less 
heated,  requiring  a  greater  volume  of  entering 
air  to  maintain  the  pressure.  Also,  as  the 
glass  in  the  pot  is  each  instant  becoming  cool- 
er, it  is  necessary  to  draw  faster  in  order  to 
keep  the  thickness  of  the  glass  constant. 

The  flow  of  air  is  increased  by  means  of 
valve  A  on  carriage,  Fig.  6,  which  has  a  long, 
narrow  slot  automatically  controlled  by  a  pis- 
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FIG.  6.     BLOW-PIPE  CARRIAGE. 


FIG.  7.      AIR  AND  WATER  SYSTEM. 

ton  as  the  carriage  moves  upward.  Motion  is 
communicated  to  the  piston  by  the  levers  and 
links  shown,  actuated  by  a  rack.  For  chang- 
ing the  speed  of  drawing,  the  best  method  has 
been  found  to  be  manual ;  that  is,  by  the  oper- 
ator opening  the  value  to  the  hydraulic  cylin- 
ders as  required,  as  the  ever  changing  atmos- 
pheric conditions  forbid  any  set  speed  of  draw- 
ing. 

Figs.  3,  4  and  5  show  various  stages  of  the 
cylinder  while  drawing;  the  latter  one  show- 
ing the  cylinder  drawn  to  full  length  and 
ready  to  be  severed  from  the  pot.  This  is 
done  by  shutting  off  the  air  supply,  causing 
the  cylinder  to  draw  in  again  near  the  pot, 
and  then  pressing  a  sharp-pointed  rod,  slightly 
dampened  on  the  point,  against  the  neck  just 
formed;  a  crack  is  then  started  which,  by 
suddenly  increasing  the  drawing  speed,  is  made 
to  extend  clear  around  the  neck,  thus  severing 
the  cylinder  from  the  pot. 

The  CAdinder  is  now  taken  down  and  laid  on 
horses,  to  be  cut  in  suitable  lengths  for  flatten- 
ing. Taking  down  is  accomplished  with  asbes- 
tos-covered tongs  placed  around  lower  end  of 
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which  l\\i.\  pmccfd  from  a  highly  hcatfd  to  a 
cold  coiuhtion,  so  as  to  temper  the  f^^hiss.  This 
is  followed  l)y  plimj^Miig  into  an  acid  hath  to 
dean  the  surfaces. — American  Machinist. 


FIG.  8. 
cylinder,  and  carried  by  a  pulley  on  a  rope. 
The  blow  pipe  swings  in  a  ball-and-socket 
joint,  and  the  next  operation  is  to  remove  the 
blow  pipe  from  the  cylinder.  This  is  done 
with  a  moistened,  sharp-pointed  instrument,  as 
for  the  lower  end. 

CAPPING  WITH   AN   ELECTRIC   WIRE. 

Immediately  upon  being  laid  on  horses,  the 
two  rounded  and  rough  ends  are  capped  of? 
and  the  cylinder  is  cut  into  lengths  as  desired, 
depending  upon  the  size  of  sheets  into  which 
the  glass  is  to  be  cut  after  flattening.  This 
cutting  or  capping  is  done  by  encircling  the 
cylinder  with  a  small  (about  1/32  in.)  iron 
wire,  heated  to  a  dull  red  by  an  electric  cur- 
rent. The  current  is  then  turned  off  and  the 
c'.itting  is  performed  by  a  moistened,  pointed 
rod.  These  short  lengths  of  cylinder  are  then 
placed  on  other  horses,  to  be  cracked  open 
lengthwise.  This  is  done  by  using  a  long, 
heated  rod,  shaped  like  a  knife-edge  plani- 
meter,  following  this  with  the  moistened, 
sharp-pointed    rod. 

Being  split,  the  c^dinders  are  taken  to  the 
flattening  oven  where,  after  being  gradually 
heated  almost  to  the  collapsing  point,  they  are 
spread  out  and  smoothed  by  a  moistened 
wooden  block  on  a  Ion?  handle.  After  this, 
l'(y    pa?s    through    the    "lehr,"    or    oven,    in 


VENTILATION    EXPERIENCES 

In  the  "Plenum  System,"  the  air  to  be  used 
in  the  building  is  drawn  down  a  shaft  provided 
for  the  purpose,  taking  the  purest  air  obtain- 
able in  the  neighborhood.  It  is  drawn  in 
through  a  hole  in  the  outer  wall  of  the  build- 
ing, by  the  aid  (jf  a  fan  working  just  inside. 
It  is  cleaned,  washed,  dried,  humidified,  cooled 
or  warmed,  and  delivered  to  main  ducts,  just 
inside  the  building,  and  from  them  to  branch 
ducts  leading  into  the  rooms  to  be  ventilated. 
Other  ducts  lead  from  the  rooms  to  be  ven- 
tilated, joining  larger  ducts,  which  lead  the 
air  to  an  outlet  shaft,  as  far  removed  from  the 
inlet  as  possible.  The  working  of  the  system 
appears  to  be  remarkably  successful.  In  the 
Birmingham  General  Hospital,  for  instance, 
there  were  no  draughts.  One  was  not  con- 
scious of  any  difference  in  temperature,  or  any 
unpleasant  draught  of  air,  when  passing  from 
a  ward  to  the  corridor.  There  was  no  un- 
pleasant smell  either  during  the  time  when 
dinners  were  being  served  or  in  the  time  im- 
mediately afterwards,  when  offensive  smells 
are  too  often  prevalent.  There  was  none  of 
that  smell  of  drugs  that  is  so  often  found  all 
over  hospitals.  Though  the  air  of  Birming- 
ham in  the  neighborhood  of  the  General  Hos- 
pital is  hardly  what  one  would  call  ideal,  and 
though  Birmingham  itself  is  subject  to  fogs, 
and  its  atmosphere  is  as  full  of  smoke  as  most 
manufacturing  towns,  the  general  atmosphere 
of  every  room  supplied  with  air  in  the  hospital 
was    decidedly   good. 

There  was  one  drawback  however.  I  had 
talks  with  a  number  of  the  physicians  and  sur- 
geons and  nurses  in  the  establishment.  Most 
of  them  liked  the  system,  but  would  not  have 
it  in  their  own  quarters.  One  of  the  medical 
staff  also  told  me  that  he  found  that  his  con- 
valescents did  not  get  on  as  fast  as  in  a  hos- 
pital ventilated  in  the  ordinary  manner  by 
natural  ventilation.  They  got  on  well,  he  said, 
up  to  the  point  of  convalescence,  and  then  they 
hung  fire.  At  the  Manchester  School  of  Tech- 
nology, and  in  the  Midland  Hotel,  where  I 
have  since  stayed  on  several  occasions,  there 
is  apparently  no  complaint  whatever.  The  air 
in  the  building  is  always  of  a  comfortable  tern- 
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perature,  and  there  appears  to  be  none  of  that 
lassitude  that  the  doctors  and  nurses  com- 
plained of  when  the  system  was  employed  for 
their  own  quarters.  Enquiry  also  into  the 
ventilation  of  operating  theatres  disclosed  the 
fact  that  surgeons  who  have  to  stand  often  for 
a  long  time,  when  engaged  in  a  number  of  op- 
erations, and  the  nurses  who  are  in  attendance, 
get  very  tired,  owing  to  the  warm  temperature 
that  is  necessary  to  be  observed,  and  to  the 
accumulation  of  moisture  in  the  atmosphere. 
While  at  Birmingham,  I  was  also,  by  the 
courtesy  of  the  hospital  superintendent,  allow- 
ed to  inspect  the  record  which  is  kept  of  the 
temperatures  in  each  ward,  and  I  found  that 
it  was  uniformly  at  63°F.  The  superintendent 
explained  to  me  that  this  temperature  was  a 
compromise,  that  the  medical  staff  had  differ- 
ent views  as  to  the  temperature  that  should  be 
carried,  and  eventually  the  one  named  was  de- 
cided upon.  It  appeared  to  me  at  the  time, 
that  this  question  of  the  temperature  was  the 
cause  of  the  staleness  which  the  nurses  and 
doctors  complained  of,  and  of  the  slowness  in 
convalescence.  We  know,  that  for  health,  we 
require  to  sleep  in  cool  rooms,  with  our  win- 
dows open,  as  far  as  possible,  except  in  very 
cold  weather.  And  the  reason  I  think  is,  be- 
cause the  lower  the  temperature,  the  larger  the 
weight  of  oxygen  in  any  given  volume  of  air, 
and  consequently  the  greater  the  vivifying  ef- 
fect of  the  atmosphere.  I  think  that  if  con- 
valescent wards,  and  the  residential  quarters 
of  doctors  and  nurses  were  ventilated  with  air 
at  a  lower  temperature,  very  good  results 
would  follow.  At  the  Manchester  School  of 
Technology,  they  have  control  of  the  tempera- 
ture in  each  class  room.  The  engineer  in 
charge  told  me  that  the  requirements  of  each 
class  room  varied  very  considerably.  One  lec- 
turer liked  temperature  a  little  bit  up,  another 
was  better  wfth  it  a  little  bit  down.  One  lec- 
turer's throat  might  be  a  little  relaxed,  and 
so  on. 

OZONE. 

It  appeared  to  me  that  the  matter  might  even 
be  carried  farther,  and  that  either  ox3'gen  or 
ozone  might  be  employed  in  certain  cases,  to 
add  to  the  invigorating  effect  of  the  atmos- 
phere, and  I  suggested  it  in  one  of  the  medical 
papers.  News  has  since  come  to  me  from 
America,  that  a  system  of  adding  ozone  to  the 
air  of  some  of  the  public  buildings  has  been 
adopted,   and   with   great    success.     There   are 


a  number  of  appartus  on  the  market,  designed 
for  the  manufacture  of  ozone.  All  are  on  very 
much  the  same  lines.  There  is  an  electrical 
condenser,  and  a  high  tension  alternating  cur- 
rent is  delivered  to  it.  Air  is  drawn  through 
the  condenser,  its  plates  being  arranged  so  that 
this  can  be  done,  and  a  certain  portion  of  the 
oxygen  of  the  air  passing  through  is  converted 
into  ozone.  The  National  Air  Filter  Co.  of 
Chicago  have  worked  out  a  number  of  appar- 
atus, some  small  enough  to  be  used  in  ladies' 
boudoirs,  and  ranging  up  to  apparatus  suf- 
ficiently large  fur  the  auditorium  of  their 
largest  theatre,  and  for  their  public  library. 
Great  complaints  had  been  made  about  the 
atmosphere  of  their  public  library.  It  was 
largely  the  resort  of  "out  of  works,"  who  are 
also  frequently  the  unwashed,  and  consequently 
unpleasant  odours  were  very  much  in  evidence. 
Germs  evidently  were  also  floating  in  the  at- 
mospheie,  and  the  chief  librarian  had  contract- 
ed a  chronic  affection  of  the  throat  in  conse- 
quence. Ozonised  air  is  now  delivered  into  the 
main  duct  of  the  Plenum  System,  with  which 
the  library  is  ventilated,  and  the  result  has 
been  exceedingly  satisfactory.  The  librarian 
has  recovered  from  his  affection  of  the  throat, 
no  odours  are  present,  and  the  books  which 
had  shown  signs  of  deterioration  have  now 
ceased  to  do  so.  I  suggest  that  something  of 
the  kind  would  be  of  service  in  the  hot 
weather,  for  warehouses,  offices,  etc.,  in  Cal- 
cutta, Bombay,  and  the  large  cities  of  India 
and  the  East.  Nothing  keeps  a  man  up  to  his 
work  so  well  as  a  supply  of  oxygen,  and  ozone 
in  moderate  quantities  is  even  better.  A  few 
years  back,  I  was  attending  an  exhibition  in 
London.  Looking  through  exhibitions,  as  most 
of  your  readers  know,  is  exceedingly  fatiguing 
work.  At  the  close  of  the  day  I  came  to  an 
exhibit  of  an  ozone  making  apparatus,  and  I 
got  the  attendant  to  discharge  his  current  of 
ozonised  air  over  my  person  for  some  min- 
utes. The  result  was  very  satisfactory.  I  was 
very  much  less  tired  that  evening  than  I  ever 
remember  to  have  been  after  a  similar  day's 
work. — Correspondence  Indian  and  Eastern 
Ens.ineer. 


In  early  November,  16-year-old  Miss  Jones 
lifted  52,800  tons  of  rock  with  400  pounds  of 
explosive.  Miss  Jones  then  fried  an  tgg  with 
the  same  kind  of  powder  scattered  on  the 
ground  to  demonstrate  its  safety. — Cleveland 
Press. 
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VERTICAL  GAS   RETORTS  IN 
ENGLAND 

The   Bradford   cily  CDiuicil   has   just   rcconi- 
inciidcd   that   $155.(^0  ho   c.\|)<.'ii(l(.'(l   on   an    in- 
stallation  oi   vi-rtical    rotorts   at    tlic   'riiointon 
Road  city  gas  works.     In  Cicrniany,  it  is  said, 
vertical  retorts  have  hcen  very  widely  adopted 
durinj^  the  past  two  or  three  years,  but  Brad- 
ford  is  one  of  the  first  towns  in   England  to 
adopt  the  system,  the  merits  of  which  are  re- 
ceiving   nuich    consideration     throughout     the 
country.     Among  the   advantages   claimed   for 
the  system,  first  in  importance  is  the  very  sub- 
stantial   decrease    in    the    cost    of    production 
brought    alKHit   by   tlie   increased   yield   of   gas 
from  a  specific  quantity  of  coal ;  an  improved 
quality  of  coke  is  produced ;   the  yield  of  by- 
products is  increased ;  naphthalene  troubles  are 
largely    reduced,    if    not    entirely    eliminated; 
and    a    vast    improvement    is    effected    from    a 
hygienic  standpoint.     Another  advantage  also 
is   that   a   plant   with   sufficient   gas-producing 
capacity  can  be  put   down  on   half  the  space 
occupied    by   the    horizontal   retorts,   giving   a 
greater  area  for  storing  the  coke.     The  labor 
costs  are  said  to  be  about  one-eighth  of  those 
in  the  use  of  horizontal  retorts. 


GLYCERINE 

Many  years  ago,  in  an  obscure  mining  village 
in  Sweden,  an  apothecary  was  making  lead 
plaster  in  the  ordinary  way  by  heating  olive 
oil  with  litharge  and  water,  when  he  chanced 
to  notice  that  the  liquid  which  was  mingled 
with  the  pasty  lead  compound  had  a  strangely 
sweet  taste.  On  further  investigation,  he 
found  that  the  sweet  taste  was  caused  by  the 
presence  of  an  oily  liquid  which  was  dissolved 
in  the  water.  No  such  substance  was  de- 
scribed in  the  books  of  the  day. 

Scheele,  the  apothecary,  knew  that  he  had 
discovered  a  new  substance.  He  soon  found 
that  this  sweet  liquid  was  not  the  product  of 
olive  oil  alone,  but  that  other  oils  and  fats 
would  yield  it  under  the  same  treatment.  So 
he  named  it  the  "sweet  principle  of  fats,"  or 
"oil-sugar." 

More  than  a  century  has  passed  since 
Scheele's  discovery,  yet  it  is  but  little  over 
sixty  years  since  "oil-sugar"  was  found  to  be 
of  practical  value,  except  for  a  very  limited 
use  in  medicine.  Chemists  have  given  it  the 
more  formal  name  of  glycerine,  derived  from 
a  Greek  word  meaning  sw^eet. 


Every  one  to-day  is  familiar  with  the  clear, 
thick  liquid  so  commonly  used  for  toilet  pur- 
poses. Its  soothing  and  softening  effect  on 
dry  or  inflamed  skin  is  the  quality  for  which 
it  is  host  known  in  most  households;  but  few 
peopk-  have  any  idea  of  the  variety  of  purposes 
to  which   it  is  applied. 

Among  its.  most  striking  and  valuable  prop- 
erties are  its  great  solvent  power,  its  chemical 
stability,  and  its  sweetness.  Moreover,  it  is 
digestible,  will  not  evaporate,  and  owing  to 
this  and  its  hygroscopic  qualities,  will  prevent 
the  drying  and  hardening  of  materials  with 
which  it  is  mixed. 

These  peculiar  qualities  make  it  most  valu- 
able in  the  preparation  of  medicine,  unguents, 
and  various  food  products,  as  preserves  and 
mustards ;  likewise  in  beer,  wines,  and  other 
bottled  goods,  where  it  is  said  to  act  as  a 
preservative.  The  fact  that  strong  solutions 
of  glycerine  and  water  will  not  freeze  in  the 
lowest  winter  temperatures  has  caused  its  use 
in  our  "wet"  gas  meters. 

Some  of  the  more  important  industries  in 
which  it  is  used  are  vulcanizing  India  rubber, 
silvering  and  gilding  glass,  dressing  leather 
for  gloves,  preserving  anatomical  and  botani- 
cal specimens,  and  the  manufacture  of  what  is, 
perhaps,  the  most  powerful  explosive  known  to 
science,  without  whose  aid  some  of  the  grand- 
est triumphs  of  modern  engineering  would 
have  been  impossible — nitroglycerine. 

In  a  pure  state  glycerine  is  one-fourth 
heavier  than  water.  After  long  exposure  to  a 
freezing  temperature,  glycerine  will  deposit 
rhombic  crystals  resembling  those  of  sugar 
candy.  Its  boiling  point  is  490  deg.  F.  Pure 
glycerine  will  burn  readily  if  first  heated  to 
about  three  hundred  degrees.  It  gives  a  pale 
blue  flame  similar  to  that  of  alcohol,  and  to 
the  chemist  it  is  an  alcohol. 


PNEUMATIC  MUCK    EJECTOR  WITH 
TWO-STAGE  AIR  SUPPLY 

The  cut  here  reproduced  from  Schweizer- 
ische  Baiizeitung  is  a  diagrammatic  representa- 
tion of  a  specialized  form  of  pneumatic  muck 
ejector  used  in  caisson  foundation  work  at 
Aaran,  Switzerland,  as  described  by  G.  Liischer 
its  designer.  The  usual  air  supply  is  main- 
tained in  the  working  chamber  of  the  caisson 
sufficient  to  resist  the  water  inflow  correspond- 
ing to  the  depth,  but  as  pneumatic  tools  are 
used  in  the  caisson,  an  air  supply  is  maintained 
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PNEUMATIC 

sufficient  to  operate  them  while  exhausting 
into  the  air  of  the  caisson.  The  entire  air  sup- 
ply is  in  fact  furnished  at  the  higher  pressure, 
while  the  caisson  pressure  is  controlled  by 
passing  that  portion  of  the  air  through  a 
pressure  reducer. 

The  ejector  comprises  a  hopper-bottom 
muck  tank,  a  valved  discharge  pipe  leading 
from  the  bottom  of  the  tank  to  the  open  air, 
a  valved  auxiliary,  high  pressure  air  pipe  lead- 
ing into  the  discharge  pipe  at  an  acute  angle, 
and  a  water  pipe  for  furnishing  water  to  keep 
the  contents  of  the  tank  in  fluid  condition. 
The  tank  is  made  in  sections,  so  as  to  permit 
taking  it  through  the  air-lock.  The  discharge 
pipe  as  used  was  3^  in.  diameter,  the  high 
pressure   air  pipe  2  in.     The  latter  pipe  joins 


MUCK   EJLCTOK. 

the  discharge  pipe  at  a  forward  angle  of  about 

45°. 

In  operation,  the  tank  is  filled  with  muck, 
and  if  this  is  clayey  in  nature  sufficient  water 
is  added  to  enable  it  to  be  blown  out,  while 
sand  is  handled  without  water  addition.  The 
discharge  valve  being  kept  closed,  the  auxiliary 
air  value  is  opened,  producing  a  strong  ejector 
action  in  the  discharge  pipe.  Then  the  dis- 
charge valve  is  opened,  and  the  muck  is  blown 
out  very  rapidly.  The  tank  is  kept  constantly 
supplied  by  shovelers ;  whenever  the  tank  be- 
comes nearly  empty  the  discharge  valve  must 
be  opened  at  once,  to  prevent  serious  loss  of 
air  from  the  caisson. 

The  working  principle  of  the  apparatus  is 
that  the  caisson  pressure  is  used  only  to  force 
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hold  of  it  ;  tlu-  lattrr  tlu-ii  does  the  main  part 
of   tlu'   liftiiij^. 


AN   UNUSUAL    EXAMPLE    OF   PNEU- 
MATIC CAISSON  WORK 

The  (loop  foundations  for  the  new  Munici- 
pal Huildin^,  in  Now  York,  ato  notable  for 
the  niaj^nitude  of  the  work  and  its  rapid  ex- 
ecution under  great  difticultics,  and  for  the 
manner  in  which  perplexing  contract  diffi- 
culties were  equitably  adjusted.  The  sub- 
structure is  designed  to  carry  a  165,000-ton 
superstructure,  rising  to  a  height  of  580  ft. 
above  the  street,  on  io()  separate  piers. 
Some  of  these  piers  are  supported  on  solid 
rock  and  some  on  sand  and  quicksand,  the 
latter  being  without  any  appreciable  varia- 
tion in  tlje  slight  settlement  they  have 
shown.  These  foundations  have  been  sunk 
far  below  the  ground-water  level  to  depths 
closely  approaching  the  limits  for  pneuma- 
tic pressure  work.  Thousands  of  yards  of 
sand  and  quicksand  have  been  excavated  far 
below  the  surface  without  injury  to  adjacent 
tall  and  heavy  buildings.  Elevated  and  subway 
railroad  structures,  and  large  gas,  water,  sewer 
and  electric  mains  below  the  street  surface 
were  maintained  in  service  with  no  serious 
interruption  to  the  heavy  traffic  of  vehicles, 
pedestrains.  and  street  cars  on  an  important 
city  street  which  crosses  the  full  width  of 
the  building.  This  work  of  sinking  the  piers 
has  been  accomplished  in  about  a  year  at  a 
cost  of  about  $1,500,000  and  without  serious 
accident  or  the  loss  of  life. 

The  caissons  vary  greatly  in  size,  form  and 
depth  and  are  of  several  distinct  types, 
showing  the  most  recent  improvements  in 
construction  of  this  sort,  together  with  new 
features  developed  to  meet  the  special  con- 
ditions existing  at  the  site.  The  working 
chambers  are  of  steel  where  the  greatest 
economy  of  space  is  necessary,  and  of  re- 
inforced concrete  where  there  is  abundance 
of  room,  while  in  intermediate  cases  wooden 
caissons,  heretofore  standard  for  all  but  the 
smallet  piers,  are  used.  Permanent  wood 
and  steel  are  almost  eliminated  from, the  fin- 
ished structures  and  the  strength  and  weight 
of  the  concrete  were  utilized  largely  in  the 
construction    operations. 

Rapid   and    efficient   work   in    a   very    con- 


f^osti'd  aita  i-mloNod  by  stri'cts  with  heavy 
trallio  <»t  all  sorts  has  bi'on  aoooiui)lislu'{l  by 
the  installatiun  of  a  battery  of  steam  boil- 
ers of  over  1,800  hp.  capacity,  seven  large 
air  compressors,  26  hoisting  engines,  11 
sti-ani  pumps,  \()  air  locks,  six  concrete  mix- 
ers. 5O  stool  buckets  and  other  cquii)ment  in 
proportion,  all  located  within  the  limits  of 
a  164  by  374-ft.  triauKiilar  lot.  Storage  was 
lar.uil\  eliminated  1)\  the  delivery  of  material 
only  as  needed,  plant  and  materials  were 
handled  without  delay  and  shifted  repeatedly 
by  a  system  of  26  traveling  and  movable  der- 
rick booms,  and  extra  space  was  provided 
by  elevated  working  platforms  under  which 
foundation  operations  could  be  carried  down. 
Economy  and  rapidity  of  construction  were 
promoted  by  the  construction  of  the  deep 
piers  in  rapidly  shifted  forms,  entirely  above 
ground,  and  by  building  them  up  to  heights 
reaching  a  maximum  of  60  ft.  before  sink- 
ing. 

The  piers,  with  maximum  loads  up  to  5,000 
tons,  were  at  first  designed  to  have  all  foun- 
dations carried  down  to  rock,  but  when  it 
was  found  that  the  danger  and  expense  of 
reaching  the  deepest  rock  were  too  great, 
additional  investigation  and  practical  tests 
were  made  on  the  bearing  capacity  of  the 
soil  and  part  of  the  piers  were  redesigned 
and  proportioned  to  rest  without  serious  set- 
tlement on  the  sand  far  above  the  rock. 
Fortunately  the  heaviest  and  tallest  part  of 
the  building  has  rock  foundations  and  it  is 
believed  that  the  loads  on  the  other  piers 
are  so  well  within  the  tested  bearing  capac- 
ity that  no  injurious  settlement  will  be  oc- 
casioned by  their  final  loads. 

After  the  contract  had  been  made  for  116 
caissons  to  be  sunk  to  solid  rock  and  the 
work  was  well  under  way,  it  was  decided  to 
eliminate  10  of  the  piers  and  modify  the  de- 
sign of  30  others,  which  were  to  be  sunk  to 
a  less  depth  than  at  first  proposed,  thus 
greatly  changing  the  condition  and  cost  of 
the  work.  The  advantages  and  disadvantages 
accruing  to  both  the  owner  and  contractor 
from  these  changes  were  carefully  studied; 
allowances  were  made  for  the  elimination  of 
very  dangerous  and  costly  work,  for  the  loss 
of  reasonable  profits,  for  the  delay  in  opera- 
tions and  change  in  plans  and  material,  and 
for  fixed  and  overhead  charges.  An  equit- 
able  basis   of  unit   prices   was   deduced   from 
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the  results  of  this  investig-ation,  and  the 
original  contract  was  accordingly  modified 
to  suit  the  new  conditions  in  a  manner  that 
was  satisfactory  to  both  parties  and  is  be- 
lieved to  afiford  a  valuable  basis  for  the  re- 
adjustment of  future  contracts.  These  re- 
sults are  due  to  the  harmonious  efficiency 
of  engineers  and  contractors,  experienced 
in  caisson  work  and  in  general  construction, 
unhamperd  by  interference  from  the  lay- 
men connected  with  the  city  administration. 
— Engineering  Record. 


FOR    INCREASING    THE    EFFICIENCY 
OF  MINING   LABOR  IN  TRANSVAAL 

A  paper  before  the  Transvaal  Institute  by 
Mr.  Kenneth  Austin,  M.  E.,  treats  of  the  above 
topic.  Without  going  deeply  into  facts  re- 
garding the  efficiency  of  drilling  and  explosive 
operations,  it  is  generally  admitted  that  for 
some  time  to  some  a  very  large  portion  of  the 
available  hand  labor  will  be  used  in  this  field 
for  drilling  the  rock;  first,  because  of  the  low- 
er cost  of  the  labor ;  second,  because  of  the 
smaller  diameter  of  the  holes  drilled  by  hand ; 
third,  because  of  the  disturbance  of  the  roof 
being  less  when  small  holes  are  used  than 
where  large  machine  holes  are  exploded. 

Under  these  conditions  Mr.  Austin  suggests 
the  use  of  a  handy  self  rotating,  well  balanced 
hand  drill  weighing  about  18  lbs.,  for  starting 
the  holes  to  be  drilled,  to  a  depth  of  4  to  6  ins. 
This  method  is  designed  to  secure : 

(i)  The  correct  alinement  of  the  hole  for 
guidance  of  the  laborer. 

(2)  A  less  number  of  hand  drills  necessary 
for  starting  the  holes. 

(3)  A  saving  of  time  in  starting  holes. 

(4)  The  use  of  the  laborer's  time  in  drilling 
rather  than  the  toilsome  process  of  starting  a 
hole  on  an  angular  face. 

(5)  The  placing  of  a  hole  in  its  proper  place. 
It  is  estimated  that  60  holes  a  day  would  be 

started  by  the  machine. 

The  machine  uses  a  total  of  30  cu.  ft.  of  free 
air  per  minute.  The  hose  used  is  only  ^-in. 
internal  diameter,  and  would  be  wound  on  a 
hose-reel  with  suitable  connection  to  the  air 
main.  When  not  used  for  air,  the  hose  may 
be  used  for  conveying  water  to  wet  the  broken 
rock  before  or  during  shoveling  operations. 

It  is  well  ascertained  that  best  results  are 
obtained  In  breaking  ground  when  the  amount 
of   burden    roughly    given    to    a    hole    is    two- 


thirds  of  the  length  of  the  hole  drilled  and 
according  to  the  width  of  the  stope,  and  con- 
sequently it  is  more  economical  to  drill  a 
hole  from  48  ins.  to  52  ins.  rather  than  one  of 
only  36  ins.  length.  Experiments  carefully 
conducted  in  certain  stopes  on  the  East  Rand 
have  been  made,  and  it  was  found  that  a  36- 
in.  hole,  under  the  best  conditions  only  pro- 
vided a  total  of  a  half  to  one  ton  of  broken 
rock,  whereas  the  longer  holes,  42  ins.,  48  ins. 
and  over,  provided  from  i>^  to  2  tons  and 
over  of  rock,  dependent,  of  course,  upon  the 
varying  conditions  in  each  stope,  as  before 
mentioned.  This  being  the  case,  any  scheme 
for  increasing  the  length  of  the  hole  will  di- 
rectly increase  the  efficiency  of  labor,  as  rep- 
resented in  tons  broken  per  laborer,  and  also 
increase  the  efficiency  of  that  laborer,  by  as- 
sisting him  to  attain  the  desired  definite  re- 
sults  without  great  expense. 

Naturally,  some  system  is  required  which 
can  be  readily  adopted  without  disturbing  the 
mine  organization  too  much,  or  cause  diffi- 
culty by  adoption.  It  will  be  a  different  meth- 
od to  the  present  one,  and  one  whereby  the 
mines  in  charge  will  drill  one  day's  set  of 
holes  in  one  face  of  stope,  and  will  be  fol- 
lowed b}-  hammer  boys  the  next  day,  while 
he  prepares  another  face  for  subsequent  oper- 
ations. The  whole  system  would  be  prac- 
tically one  where  machinery  assisted  and  de- 
veloped the  efficiency  of  labor  and  system  of 
working.  It  may  be  said  that  if  machines  are 
used  at  all,  why  not  use  them  altogether? 
This,  however,  involves  the  use  of  more  air 
than  required  under  this  method ;  the  setting 
up  of  bars  to  hold  drills,  and  the  drilling  of 
larger  holes,  with  the  greater  consumption  of 
explosive  than  where  the  hole  is  finished  for  a 
7-^-in.  diameter  gelatine  cartridge  through  the 
entire  length  of  the  hole. 

Cost  of  Air. — The  i8-lb.  weight  automatic 
rotating  machine  uses  only  30  cu.  ft.  of  free 
air  per  minute.  Assuming  the  cost  of  power 
supplied  to  be  i  ct.  per  kilowatt  hour,  and 
that  12^  KW.  will  compress  100  cu.  ft.  of  air 
to  the  desired  pressure,  namely,  80  lbs.  per 
sq.  in.  (gage  pressure),  the  cost  per  air 
amounts  to  i-in.  drilled  per  min.  x  6  in.  deep  x 
30  cu.  ft.  per  min.  equals  6x30  equals  180  cu. 
ft.  of  air,  or  say  200  cu.  ft.  of  free  air  per 
hole.  Taking  the  above  factor  of  12^  kilo- 
watts per  100  cu.  ft.  of  air  compressed  the 
power  used  would  be  2x12^  or  25,  say  30 
kilowatts. 
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riu-  ;nl\  amazes  obtaiiKil  by  the  adoption  of 
tlu-  imtluul  above  described,  can  be  seen  if  a 
comparison  be  made  with  a  first-class  mine  on 
the  Central  Rand  where  hand  drillers  are  paid 
ic.  per  in.  it  4J  in>.  are  drilled,  phis  a  bonus 
of  ()  cts..  which  amounts  to  49  cts.  per  42-in. 
hole.  Now  if  this  ln<le  can  be  increasetl  in 
depth  (thus  allowing  a  }.;reater  burden  to  be 
placed  on  it)  to  say  4iS  ins.  or  52  ins.  the 
extra  ct)st  of  air,  etc.,  woidd  amount  to  only 
let.  per  hole. 

Cost  of  Plant. — The  cost  of  each  automatic 
rotatinsj:  drill  is  $110,  and  allowinsr  three  ma- 
chines for  each  miner,  the  capital  cost  would 
be.  with  hoses  ami  otlur  plant  described,  say 
$500  for  each  set.  The  machines  would  wear 
at  least  two  years  and  cost  $7.50  per  month 
(^when  working)  for  repairs.  C)nly  one  ma- 
chine would  actually  be  in  use,  but  three  have 
been  included  in  the  estimate,  so  that  at  any 
time  one  could  be  on  the  surface  for  repair,  if 
needed,  and  one  held  in  reserve  by  the  miner. 
The  daily  cost  based  on  the  above  figures 
would  then  be : 

Cost  of  the  whole  plant,  $500. — (»o  working 
days  in  two  years  equals  $0.83  per  day  for 
redemption ;  an  excessive  figure,  because  only 
one  machine  would  be  in  use. 

Repairs  per  month,  $7.50. — 26  shifts  per 
month  equals  29  cts.  per  day  for  repairs.  Ex- 
tra gelatine  used,  2  oz.  for  deeper  hole,  equals 
$0.02. 

This  amounts  to  a  little  under  5  cts.,  total 
extra  cost,  to  obtain  an  increase  of  broken 
ground  amounting  to  ^  ton  or  more  per  hole. 

The  writer  has  called  attention  to  the  fact 
that  it  is  not  low  working  costs  alone  which 
are  to  be  desired,  for  it  ma\'  happen  that  low 
working  costs  do  not  mean  increased  profits. 
It  can  easily  be  demonstrated  that  it  is  eco- 
nomic folly  to  strive  after  low  working  costs, 
if  the  profit  is  not  increased,  and  he  submits 
that  the  proposals  in  this  paper  will  secure  all 
objects,  nameh",  lower  working  costs,  greater 
efficiency,  and,  last  but  not  least,  larger  profits. 


OXYGEN  FROM  THE  ATMOSPHERE 

Separating  oxygen  from  the  air,  says  James 
Swinburne,  is  not  the  same  as  making  liquid 
air.  To  separate  oxygen  from  nitrogen  in- 
volves doing  mechanical  work,  which  is  con- 
verted into  heat.  A  rectifying  plant  may  be 
considered  as  an  apparatus,  which  takes  in 
heat   substantially   at   the   boiling-point   of   the 


liquid  with  highest  boiling-point,  and  gives  it 
out  at  a  lower  temperature  near  the  boiling- 
point  of  the  most  volatile  liquid.  An  air 
separator  thus  takes  in  heat  at  90"  C.  abs., 
givis  out  lie.it  at  .about  82"  C.  abs.,  and  at  the 
temperature  of  the  works,  say,  273°  C.  abs. 
The  Linde  process  may  be  regarded  as  a  recti- 
fying plant  of  this  sort,  and  a  thermodynamic 
engine,  in  which  a  gas  is  compressed  so  as  to 
li(|uif>  at  ()if  C.  abs.  under  pressure,  and  to 
evaporate  at  82°,  thus  supplying  the  heat  at  the 
boiling-point  of  the  oxygen,  and  absorbing  it 
at  the  boiling-point  of  the  air.  Such  a  process 
is  generally  considered  irreversible,  but  -is  in 
fact  nearly  reversible  and  therefore  economical. 
Assuming  an  efficiency  of  40  per  cent.,  the  cost 
of  oxygen  comes  out  approximately  one  shill- 
ing (25  cents)  per  ton  on  a  large  scale.  This 
ought  to  lead  to  its  use  in  blast-furnaces  and 
other  cases  w'herc  .an  extra  high  temperature 
may  be  important. 


WONDERFUL  NATURAL  FIBRE 

Take  a  certain  kind  of  glass,  soften  it  by 
heat,  draw  it  out  into  fine,  flexible  thread, 
weave  it  with  care  into  a  fabric  incorruptible 
as  to  decay  and  the  action  of  most  acids,  but 
not  as  to  heat,  and  you  have  approached  the 
limit  of  man's  effort  to  produce  a  mineral 
fibre.  Nature  makes  a  shrinkage  crack  in  a 
mud-like  stone,  fills  it  with  water,  dissolves  a 
little  of  the  mud  in  the  water  and  crystallizes 
the  whole  crack  full  of  threads  which  are 
much  finer,  more  flexible,  and  stronger  than 
the  glass  fiber,  and  in  addition  thereto  capable 
of  withstanding  a  temperature  of  2000  to  3000* 
F.  Remembering  that  the  water  combined  in 
these  fibers  runs  as  high  as  14  per  cent,  of  the 
whole  weight,  one  is  forced  to  the  conclusion 
that  some  of  nature's  processes  are  "past  find- 
ing out." 

The  Greeks  named  this  fiber  "asbestos" 
(unquenchable,  unconsumable)  ;  the  Romans 
made  cremation  robes  of  it,  and  Charlemagne 
astounded  his  gaping  courtiers  by  casting  his 
well-soiled  table  cloth  into  the  fire  and  with- 
drawing it,  clean  and  white  for  another  feast. 
Nor  has  it  been  many  years  since  an  otherwise 
respectable  and  industrious  lumberman  was 
accused  of  wdtchcraft  and  run  out  of  a  camp 
in  the  Canadian  woods  because  he  persisted 
in  washing  his  socks  in  the  stove,  instead  of 
bv  more  conventional  methods. 
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RECORD  OF  COOLING  AND   DRYING. 


SUCCESSFUL  AIR  COOLING  AND 
DRYING 

For  results  most  nearly  approaching  per- 
fection we  naturally  look  to  the  records  of 
laboratory  experiments,  and  the  diagram  which 
we  here  reproduce  from  The  Iron  Age,  with 
our  addition  of  the  temperature  lines,  has  its 
first  interest  for  us  in  that  while  its  showing 
is  so  remarkable  it  represents  what  is  accom- 
plished in  operations  which  are  upon  the 
largest  scale  known  to  our  industries.  Our 
readers  are  mostly  familiar  in  a  general  way 
with  the  Gayley  Dry  Air  Blast,  which  has 
accomplished  such  econor;iies  in  blast  furnace 
practice  by  the  device  of  refrigerating  and 
drying   the    air. 

The  data  here  presented  are  furnished  by 
Mr.  Gayley  from  a  Western  plant  for  the  month 
of  July,  1910.  The  summer  months  represent 
the  period  of  greatest  humidity  and  highest 
temperature,  and  for  that  reason  they  furnish 
the  best  opportunity  for  demonstrating  the 
efficiency  and  value  of  the  process.  While  the 
atmosphere,  as  shown  by  the  figures,  varies 
widely  in  both  temperature  and  moisture,  the 
variations  in  the  dry  air  are  within  narrow 
limits,  and  approach  as  close  to  uniformity  as 
seems  possible  to  obtain  in  a  mechanical  de- 
vice that  is  treating  40,000  cu.  ft.  of  air  per 
minute. 


The  amount  of  work  done  by  a  dry  air  plant 
in  mid-summer  in  removing  moisture  is  ordi- 
narily not  fully  comprehended  by  simply  ex- 
pressing the  moisture  content  in  grains  per 
cubic  foot  of  air.  Taking,  for  example,  a  very 
humid  day,  July  6,  when  the  moisture  as 
shown  in  Table  i,  averaged  7.90  grains  for 
the  day  and  night,  there  would  have  entered 
the  furnace  under  natural  air  conditions  7797 
gal.  of  water  in  the  24  hours.  This  would  be 
the  equivalent  of  185.6  barrels.  The  dry  air 
on  the  same  day  contained  only  0.86  grain, 
and  the  quantity  of  water  entering  the  furnace 
was  accordingly  reduced  to  849  gal.,  thereby 
eliminating  6948  gal.,  and  saving  the  fuel 
necessary  to  dissipate  it.  Taking  again  the 
day  with  the  lowest  humidity,  July  19,  when 
the  moisture  for  day  and  night  averaged  3.45 
grains,  the  furnace  would  have  received  3410 
gal.  of  water,  but  the  dry  air  carried  in  only 
809  gal.,  representing  an  abstraction  of  2601 
gal.  Thus,  even  on  days  of  relatively  low 
humidity,  the  quantity  of  water  extracted  is 
very  large. 

The  amount  of  water  extracted  through  the 
dry  air  process  expressed  in  gallons  as  seen 
in  Table  No.  2  is  very  impressive,  and  will  be 
particularly  appreciated  by  practical  blast  fur- 
nace managers  who  are  familiar  with  the  cool- 
ing effect  produced  in  the  furnace  hearth  from  » 
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small  leak  from  a  tuyere  or  bosh  plate.  The 
diagram  shows  graphically  the  grains  of  mois- 
ture in  the  atmosphere  and  the  resulting  dry 
air.  The  uniformity  of  the  dry  air  speaks  for 
itself,  as  to  its  value  in  a  process  so  delicate 
in  adjustment  and  so  variable  as  a  blast  fur- 
nace. 

When  the  results  of  dry  air  were  first  made 
public  in  1904  it  was  thought  by  some  that  the 
economical  results  obtained  were  not  due  so 
much  to  low  moisture  in  the  dry  blast,  as  they 
were  to  creating  conditions  of  uniformity  in 
the  moisture — that  is,  if  the  moisture  was 
maintained  uniformly  at  2  to  2.50  grains  or  3 
grains,  the  results  would  be  practically  as  good 
as  if  it  was  reduced  to  1.5  grains.  This,  how- 
ever, does  not  appear  to  be  borne  out  in  actual 
practice,  as  the  best  results  are  obtained  when 
the  moisture  is  reduced  below  i  grain  per 
cubic  foot  of  air,  and  is  markedly  greater  at 
0.75  grain  than  at  1.50  grains.  The  reasons 
for  this  do  not  seem  at  present  to  be  clearly 
understood,  although  it  has  been  demonstrated 
in  practice. 

The  conclusion  reached  from  the  experience 
of  the  past  six  years  is  that  dry  air  blast  con- 
servatively considered  will  efifect  a  saving  of 
10  per  cent,  in  fuel,  with  an  increase  in  out- 
put of  12  per  cent.,  and  the  product  can  be  in- 
creased beyond  this  at  the  expense  of  fuel  sav- 
ing, and  vice  versa.  The  tendency  in  some 
cases  is  to  increase  the  output  at  the  expense 
of  fuel   saving.     At  one  works  the   saving  in 
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coke  was  7.5  per  cent,  on  dry  air,  but  concur- 
rently the  output  was  increased  by  23  per  cent. 
Thus  the  dry  air  blast  not  only  reduces  the 
cc.^t  of  pig  iron,  but  it  also  creates  uniformity 
in  the  furnace  operations,  and  any  cheapening 
of  the  pig  iron  cost  is  reflected  to  a  greater 
extent  in  the  finished  steel  product. 

It  is  not  necessary  to  offer  any  explanation 
of  the  diagram,  which  speaks  for  itself,  except 
to  call  attention  to  the  fact  that  the  moisture 
scale  is  at  the  left  hand  and  the  temperature 
scale  at  the   right  hand. 


LIFE  ON  VENUS 

It  is  stated  that  Professor  Pickering  of 
Harvard  University  asserts  that  Venus,  our 
nearest  planet,  is  likely  inhabited  by  huge 
monsters  and  gigantic  lizards,  such  as  roamed 
here  in  the  primitive  forests  and  lakes  300,000 
years  ago.  It  is  not  an  easy  matter  to  believe 
such  statements  came  from  a  Harvard  profes- 
sor. These  views  belong  to  the  past,  which, 
of  course,  all  astronomers  know. 

Venus  is  similar  to  the  earth  in  size,  density 
and  gravity,  but  here  the  similarity  stops. 
Venus,  according  to  Professor  Lowell,  from 
observations  at  both  the  Flagstaff  observatory 
and  others,  always  presents  the  same  side  to 
the  sun,  and  her  day  and  year  are  the  same 
length,  she  turning  on  her  axis  in  the  same 
time  she  revolves  around  the  sun,  which  is  225 
days.  There  is  really  no  day  and  night  there 
as  on  earth.  It  is  always  day  on  one  and  the 
same  surface  of  Venus,  and  of  course  night 
on  the  opposite  side.  As  Venus  is  only  67,200,- 
000  miles  from  the  sun,  while  the  earth  is 
92,900,000  miles,  she  receives  much  more  light 
and  heat  from  our  luminary  than  the  earth 
gets.  If  our  earth  always  presented  the  same 
face  to  the  sun  it  would  be  but  a  short  time 


COMPRESSED  AIR   MAGAZINE. 


6013 


until  all  that  surface  would  he  wrapped  in  de- 
vouring flames  and  the  other  half  of  this  globe 
in  darkness  and  winter  greater  than  the  north 
pole  ever  knew.  Now  intensify  this  light  and 
heat  and  let  it  continuously  beat  upon  the  same 
face  of  Venus  for  millions  of  years  and  the 
mind  can  but  vaguely  conceive  the  molten,  and 
later  baked,  condition.  The  atmosphere  driven 
from  the  burning  half  would  rush  to  the  dark, 
cold  side  to  condense  and  then  congeal  into 
eternal  ice.  Between  the  hot  and  the  cold  line 
an  equator  would  be  formed,  where  the  most 
terrific  warfare  of  elements  would  be  waged 
forever  in  such  storms  as  have  never  swept 
our  world.  Life  on  Venus  is  unthinkable  from 
our  idea  of  what  life  must  have  to  exist  on  the 
earth. 


facilities  for  handling  it  becomes  important. 
The  tar  is  conveyed  by  railroad  in  tanks  simi- 
lar to  those  used  for  carrying  oil,  and  from 
these  it  is  drawn  into  horse-drawn  trucks  for 
the  final  operation.  The  material  usually  has 
been  forced  out  of  the  tank  car  into  the  dis- 
tributing by  means  of  steam  pressure  applied 
to  the  top  of  the  car.  Steam  pressure  has  not 
been  found  to  be  altogether  satisfactory,  on 
account  of  the  water  which  condenses  and  re- 
mains in  the  car.  When  pressure  can  be  fur- 
nished by  compressed  air,  however,  from,  say, 
a  portable  compressor,  the  method  is  entirely 
satisfactory.  In  the  case  here  shown  the  iron 
discharge  or  transfer  pipe  was  3^  in.,  the  air 
pressure  was  15  lbs.,  and  700  gallons  were 
loaded  in  5  minutes. 


TRANSFERRING   TAR  BY  COM- 
PRESSED AIR 

The  half  tone  here  reproduced  from  En- 
gineering-Contracting practically  explains  it- 
self. In  many  parts  of  the  country  the  roads 
are  being  constructed  of  tar-macadam.  The 
stone  being  first  spread  to  the  required  depth, 
tar  is  then  poured  on  to  fill  the  interstices  and 
to  bind  the  material,  which  means  that  a  large 
■quantity  of  tar   is   used,   and   the   selection   of 


CARE  OF  PNEUMATIC  TOOLS 

The  Railway  Age  Gazette,  in  a  valuable 
series  of  articles  on  the  Care  and  Selection  of 
Machine  Tools  and  Shop  Equipment,  prints 
the  following  from  W.  H.  Snyder,  Assistant 
General  Foreman  at  the  Stroudsburg  shops  of 
the  N.  Y.,  S.  &  W.  R.  R. 

The  use  of  pneumatic  tools  should  receive 
the  most  careful  attention  of  all  workmen,  and 
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especial !>•  oi  tlk-  fon-inan  diiictly  in  charge 
An  air  liainnu-r  should  luvir  hr  put  in  service 
without  first  hciug  well  oiK'ti  with  a  good 
grade  of  suitahlc  oil;  if  it  continues  in  service 
it  siioidd  be  oiled  every  two  hours  without  fail. 
Pneumatic  tools  are  like  a  luunan  being;  with- 
out the  proi)er  nourishment  ami  care  they  will 
very  sot)n  be  a  total  wreck  and  useless  for 
service.  Never  connect  an  air  hose  to  an  air 
hammer  or  motor  without  first  blowing  the 
hose  out  well.  There  is  nothing  that  will  ruin 
a  pneumatic  tool  quicker  than  the  dirt  or  grit 
that  is  liable  to  collect  in  an  air  hose.  At  our 
shop  all  pneumatic  tools  have  to  be  delivered 
to  the  ti^ol  room  every  evening  before  the  men 
go  home;  the  hammers  are  put  in  a  tank  con- 
taining c(iual  parts  of  signal  oil  and  kerosene. 
This  keeps  them  well  oiled  and  prevents  them 
from  gumming  up.  In  giving  the  tools  out  in 
the  morning  the  hammers  are  drained  out  and 
given  a  good  oiling  with  pneumatic  tool  oil. 
The  motors  are  also  well  oiled  before  they  are 
handed  out. 

The  advice  to  clear  the  hose  before  using  is 
especially  important;  of  the  complaints  re- 
ceived by  the  makers,  investigation  shows  a 
large  proportion  to  be  due  to  the  stoppage  of 
some  one  of  the  air  ports  by  bits  of  rubber 
from  the  hose,  which  due  caution  would  ob- 
viate. 

Mr.  Dyer,  of  the  N.,  C.  &  St.  L.  shops  at 
Nashville.  Tenn.,  says : 

Pneumatic  tools  are  real  labor  savers.  The 
foreman  should  instruct  his  men  in  the  proper 
use  and  care  of  these  tools;  the  main  thing  is 
to  see  that  the  air  drills  are  properly  lubri- 
cated. More  air  drills  are  ruined  from  the 
lack  of  oil  than  from  any  other  cause.  The 
air  hammer  should  be  more  generally  used  in 
the  erecting  shop.  Remember,  the  operator 
will  more  than  double  the  output  with  it  over 
the  old  way  of  using  hammer  and  chisel.  In- 
struct your  apprentices  how  to  use  the  air 
hammer. 

An  "Old  Railroader,"  in  this  series  of  arti- 
cles, says  as  follows  concerning  care  of  Air 
Motors  and  Hose : 

The  manner  in  which  air  motors  and  ham- 
mers are  handled  is  as  bad,  if  not  worse.  In- 
stead of  being  placed  on  a  rack  or  some  other 
receptacle  when  not  in  use  they  are  thrown 
on  the  ground  and  the  motors  are  rarely  shut 
off.  As  yards  are  made  up  of  all  kinds  of 
filling  it  is  easy  to  estimate  how  long  a  motor 
will  last.     Anvthing  that  is  in  the  wav  or  re- 


pair j)arts  that  are  needed  for  cars  are  likely 
to  he  thrown  on  tin-  motor  or  the  hose.  The 
damaging  of  hose  by  the  careless  handling  of 
material  often  causes  unnecessary  expense  and 
delay.  To  illustrate:  A  certain  gang  had  con- 
siderable troiibli'  with  a  i)articular  motor  for  a 
couple  of  days  and  also  with  air  hammers. 
They  could  not  be  made  to  work  right  and 
after  the  seconil  trip  to  the  shop  it  was  decided 
to  send  a  man  to  the  yard  to  locate  the  trouble, 
as  the  tools  worked  properly  at  shop  when 
tested.  He  found  that  the  trouble  was  due  to 
the  hose  and  not  to  the  motor ;  the  inner  lin- 
ing was  loose  and  the  action  of  air  in  flowing 
to  the  motor  closed  it,  with  the  result  that  no 
air   could    reach   the   motor. 

The  above  cases  serve  to  show  that  the 
fault  can  often  be  traced  to  the  foremen  and 
leading  men,  inasmuch  as  they  fail  to  in- 
struct the  men  and  follow  it  up  to  see  that  the 
instructions  are  carried  out.  In  case  the  men 
placed  in  charge  do  not  know  enough  to  in- 
struct those  in  their  charge  blame  must  be 
placed  on  those  higher  up. 


SINGING  SANDS 


The  attention  of  the  public  has  recently  been 
directed  to  those  curious  freaks  of  nature, 
"singing  sands."  When  a  small  quantity  of 
this  sand  is  clapped  between  the  hands  it  is 
said  to  give  forth  a  sound  so  shrill  as  actually 
to  resemble  a  hoot.  Put  into  a  bag  and  vio- 
lently shaken,  the  sand  emits  a  noise  strangely 
like  the  bark  of  a  dog.  The  most  notable  of 
these  sands  are  those  of  the  Hawaiian  island 
of  Kauai.  Similar  sands  also  occur  in  the 
Colorado  desert,  where  also  are  to  be  found 
those  curious  moving  sands  that  continually 
travel  hither  and  thither  over  the  vast  plain 
of  clay.  Their  movements  are  induced  by  the 
w^inds,  and  when  a  strong  breeze  is  blowing 
the  particles  of  which  they  are  composed  give 
out  an  audible  humming  or  singing.  Under 
the  microscope,  these  sands  show  an  almost 
perfectly  spherical  form,  so  that  they  roll  on 
each  other  at  the  slightest  impulse,  a  circum- 
stance that  also  accounts  for  the  rapidity  with 
which  the  sands  travel  over  the  desert.  One 
theory  advanced  with  respect  to  the  "singing" 
of  these  sands  is  that  it  is  due  to  an  exceed- 
ingly thin  film  of  gas  that  covers  the  grains. 
Gathered  and  removed  from  the  desert,  the 
sands  lose  their  vocal  properties. — The  En- 
gineer, London. 
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AFTERCOOLER  EXPERIENCE 

The  cut  herewith,  reproduced  from  Practical 
Engineer,  is  a  sketch  furnished  by  a  correspon- 
dent of  that  publication,  who  asks  a  question 
in  connection  with  it.  In  this  case  a  vertical 
air  receiver,  in  itself  of  not  abnormal  type, 
has  been  converted  into  an  efficient  aftercooler 
without  any  material  reduction  of  the  receiver 
capacity.  The  receiver  or  cooler  has  within  it 
two  sets  of  drip  pans  arranged  as  shown,  and 
water  is  injected  at  the  top  against  the  re- 
ceiver pressure  to  successively  overflow  the 
several  pans  and  thus  to  cool  the  air  passing 
through,  the  water  being  automatically  dis- 
charged at  the  bottom. 

The  temperature  of  the  air  in  this  case  is 
reduced  from  200  Fahr.  to  70.  The  cost  of 
providing  and  operating  a  pump  or  other 
means  for  injecting  the  water  against  the  pres- 
sure would  seem  to  be  the  principal  objection 
to  this  arrangement,  as  with  the  familiar  types 
of  tabular  aftercoolers  the  water  is  not  under 
pressure  and  usually  circulates  by  gravity 
alone.  The  actual  contact  of  the  air  with  the 
water  is  not  objectionable,  as  the  air  would 
emerge  in  a  saturated  condition  in  any  case. 
Provided  that  all  the  water  released  from  the 
air  by  the  cooling  of  it  while  at  its  highest 
pressure  is  actually  removed  from  the  air,  in- 
stead of  being  carried  along  with  it,  there 
would  be  no  trouble  from  water  in  the  air 
farther  along  the  line  when  its  pressure  be- 
came lower. 

It  seems  in  this  case  the  trapping  device  for 
removing  the  water  from  the  cooler  sometimes 
failed  to  work  and  the  water  would  accumu- 
late in  such  quantity  that  its  level  would  rise 
above  the  small  pipe  at  the  side  leading  up  to 
the  right  hand  pressure  gage,  and  when  that 
occurred  the  reading  of  that  gage  would  be,  as 
shown,  considerably  below  the  full  air  pres- 
sure as  shown  by  the  left  hand  gage. 

This  really  is  quite  easily  explained.  Sup- 
posing the  water  to  be  left  in  the  cooler  above 
the  gage  pipe  at  a  time  when  the  compressor 
was  stopped  and  the  compressed  air  had  been 
discharged,  then  upon  starting  the  compressor 
and  filling  the  cooler  again  with  air  at  full 
pressure,  Wciter  would  be  driven  up  the  gage 
pipe,  compressing  the  air  in  the  pipe  into  the 
horizontal  portion  and  the  siphon,  and  if  the 
water  rose  to  the  height  of  30  feet  it  would 
have  a  back  pressure  of  13  pounds,  or  the 
difference  between  the  reading  of  the  two 
gages. 
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BOTH  GAGES  CORRECT. 

MICE    AND    CANARIES    AS  MINE  GAS 
TESTERS 

The  use  of  white  mice  on  board  submarine 
boats  to  give  notice  of  escaping  and  dangerous 
gases — which  they  do  by  exhibiting  uneasiness 
or  by  dying — has  suggested  the  adoption  of  a 
like  expedient  in  coal  mines.  When  an  ex- 
plosion occurs  in  a  coal  mine  the  great  danger 
to  rescuers  lies  in  the  possibility  or  likelihood 
that  there  may  be  gas  in  the  workings  down 
below.  There  may  be  much  gas  or  little  gas ; 
or  there  may  be  no  gas  worth  mentioning. 
The  rescuers,  in  any  given  case,  are  unable  to 
tell;  and  men  sent  into  the  depths  with  hel- 
mets and  oxygen  apparatus  have,  of  course,  no 
means  of  ascertaining.  The  latest  idea  is  for 
the  helmet  men  to  carry  with  them  little  cages 
containing  two  or  three  white  mice.  If  the 
latter  show  no  signs  of  distress  the  oxygen 
pioneers  telephone  back  to  that  effect  and  then 
the  members  of  the  life-saving  corps  who  are 
without  protective  apparatus  are  enabled  to 
rush  in  fearlessly.  "Come  along!  It's  all 
right !"  cries  the  helmet  man  through  his  port- 
able telephone — and  his  mates  follow.  By  this 
means  much  precious  time,  when  minutes  may 
mean  lives,  is  saved.  This  plan  has  already 
been  tried  with  success  by  a  mining  company 
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ill    l\iiii>\  1\  ;iiii;i.     (  )iu'  ^^i  lt>^  incidnital   ;i(l\;in 
ta^es  lies  in  tlu-  I'ait  lliai  ilir  iiuii  dn  not  wiar 
lu'lmots,  ami  aii'  tlurohy  nluxt-d  ol   a  burden 
oi  about   fort\-  pomulN.     riidouhtrdly  tlicy  can 
work   imicli   iimrf  ilTicti\  cly. 

Caj^cil  canaries  played  a  prominent  part  in 
the  attempts  made  to  reach  the  men  snffo- 
cateil  hN  tlie  e\j)losion  whicli  occurred  in  a 
coal  mine  a  few  miles  from  Manchester,  Eng., 
recently.  Picked  men  from  all  pits  in  Lan- 
cashire were  rushed  to  the  Pretoria  pit,  and 
jijaui;  after  ,uan,n  attempted  to  penetrate  the 
passages  and  galleries.  At  the  head  of  each 
gang  or  relief  team  were  six  men  ecpiipped 
witli  hreatliing  helmets  wdiose  duty  was  to  re- 
pair the  broken  ventilation  doors  so  as  to  re- 
store the  thorough  ventilation  of  the  pit.  and 
to  reptirt  the  first  indications  of  gas.  'Their 
lamps,  of  course,  gave  them  an  idea  as  to  the 
condition  of  the  air,  but  in  addition  they  car- 
ried canaries  in  cages,  as  these  birds  show 
signs  of  distress  at  the  first  presence  of  gas. 
The  Pretoria-pit  disaster  was  the  worst  in 
England  in  many  years,  some  360  miners, 
among  whom  were  many  boys,  being  killed. 


COST    OF    MODERN     MINE  EQUIP- 
MENT- 

The  following  occurs  in  a  commencement  ad- 
dress at  State  College,  Pa.,  by  John  H.  Jones, 
President  of  the  Pittsburgh-Buffalo  Company, 
Pittsburgh,  Pa. 

In  1879.  I  remember,  all  that  was  necessary 
to  open  a  coal  mine  w^as  to  make  an  invest- 
ment of  approximately  $10,000  except  in  iso- 
lated cases  where  shaft  mines  were  installed. 
I  also  remember  that  in  the  mine  where  I  was 
working  they  produced  about  160  tons  of  coal 
per  day,  and  they  did  this  by  commencing  work 
at  4.00  o'clock  in  the  morning  and  w'orking 
until  6.00  at  night — fourteen  hours  a  day ! 

To-day  the  conditions  are  entirely  changed. 
A  few  years  ago,  when  the  largest  mines  in  the 
world  w'ere  equipped  at  a  point  on  the  Monon- 
gahela  river  and  it  was  stated  that  these  mines 
would  produce  5,000  tons  daily,  many  who 
claimed  to  know  all  about  mining  insisted  that 
the  company  equipping  these  mines  was  mak- 
ing a  great  mistake.  Instead  of  spending 
$10,000  they  spent  more  than  one  million  dol- 
lars before  they  dumped  a  ton  of  coal.  To-day 
these  same  operators  and  miners  point  to  that 
mine  with  pride  and  say — "There  is  the 
largest  mine  in  the  world."  These  mines  have 
produced    one    thousand    tons    of    coal    in    an 


hour — certainly  tlys  is  a  great  change — one 
thniisaiid  tolls  pir  hour,  i(»^)  tuns  in  tni  min- 
utes; nK)rc  coal  in  ten  niinuti-s  than  the  a\er- 
age  mine  produced  in  fourteen  hours  thirty 
years  ago!  This  is  wonderful  progress,  and  it 
has  been  made  possible  only  by  thought, 
knowledge,  and  the  application  of  the  principles 
that   we  have  here  set  forth. 

To  opiu  and  oi)eratc  modern  mines  to-day 
re(|uires  the  best  engineering  talent,  experi- 
enced superintendents,  and  mine  foremen 
whom  tile  .State  will  certify  as  efficient  and 
capable  of  taking  care  of  the  mines.  In  some 
of  the  large  mines  as  many  superintendents, 
mine  foremen,  fire  bosses  and  other  foremen 
are  employed  to-day  as  were  employed  in  every 
department  of  the  mine  thirty  years  ago. 

Thirty  years  ago,  as  I  said,  it  cost  $10,000 
to  equip  and  open  an  average  mine,  and  to-day 
it  costs  a  million  dollars  or  more  to  equip  and 
develop  a  modern  mine;  therefore,  if  you  are 
the  right  man,  do  you  think  that  a  man  who 
has  millions  invested  will  hesitate  to  employ 
you  at  a  higher  salary  than  is  received  by  the 
Governor  of  the  Commonwealth?  I  answer 
"No."     He  would  get  a  bargain  at  that  price. 

I  know  of  several  miners  who.  ten  years 
ago,  began  studying  to  secure  mine  foremen's 
certificates  .  These  men  have  made  good,  and 
are  to-day  receiving  salaries  ranging  from 
$3,000  to  $20,000  per  year ;  many  others  are  in 
business   for   themselves. 


HIGH  PRESSURE  GAS  FOR  SHOP  USE 

High  Pressure  gas  for  manufacturing  and 
general  power  purposes,  also  for  street  light- 
ing, is  now  being  delivered  in  Birmingham, 
England,  The  normal  gas  pressure  there 
has  been  about  }i  lb.  per  sq.  in.,  measured 
as  usual  in  inches  of  water;  the  "high"  pres- 
sure is  about  8  lb.,  gage.  The  first  trial  of 
it  has  been  made  at  an  aluminum  casting 
works,  where  it  melted  about  loolbs.  of 
aluminum  in  one  hour,  which  should  not 
seem  remarkable. 

The  furnaces  are  of  the  simplest  construc- 
tion, there  being  an  enclosure  of  fire-clay 
about  3^  in.  thick.  No  special  burner  is 
required,  though  a  careful  adjustment  of  the 
air  aperture  in  the  furnace  is  necessary.  It 
was  calculated  that  the  melting  of  112  lbs. 
of  aluminum  cost  32  cents,  which  was  lower 
than  the  cost  of  coke  while  there  was  an 
entire   absence    of   oxidation. 
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FREEZING-UP    OF    COMPRESSED  AIR 
PIPE  LINES 

In  northern  countries  great  inconvenience 
is  caused  by  the  freezing  of  compressed-air 
pipe  lines.  The  difficulty  has  been  eliminated 
to  some  extent  at  permanent,  well  regulated 
properties  by  burying  the  pipe.  Even  in  these 
installations  trouble  is  often  experienced  in 
the  smaller  lines  to  blacksmith  shop  or  ex- 
ploratory shafts,  which  may  be  at  some  dis- 
tance. A  method  whereby  this  difficulty  could 
be  eliminated  for  all  time  would  be  acceptable 
and  has  been  the  cause  of  much  study,  as 
nothing  disorganizes  a  force  of  men  so  much 
as  the  gradual  or  sudden  loss  of  air  sup- 
ply. 

In  the  latitudes  where  weather  from  zero  to 
40  deg.  below  is  occasionally  experienced,  the 
pipes  freeze  from  the  circumference,  gradually 
diminishing  the  pipe  area  until  the  passage  is 
entirely  stopped.  As  a  preventive  of  this,  the 
introduction  of  salt  or  sal-ammoniac  has  been 
found  very  effective  up  to  the  moment  of  en- 
tire blocking  of  the  pipe.  At  a  number  of 
properties  a  barrel  of  salt  is  kept  in  the  en- 
gine room  and  at  regidar  periods,  usually  at 
the  beginning  and  middle  of  each  shift,  several 
pounds  are  introduced  into  the  pipe  line  just 
beyond  the  air  receiver.  The  pressure  is  then 
increased  by  the  air  compressor  and  the  salt 
blown  through  the  pipe,  flushing  out  the  ice. 
The  quantity  of  salt  necessary  is,  of  course, 
dependent  upon  the  size  of  the  plant.  There 
is  a  record  of  one  line  transmitting  approxi- 
mately TOGO  cu.  ft.  of  free  air  per  min.  for 
1700  ft.  where  two  barrels  of  salt  were  used 
in  the  course  of  the  five  winter  months,  and 
completely  did  away  with  all  freezing 
troubles. 

In  pipe  lines  where  sags  exist,  no  trouble  is 
encountered  by  freezing  in  the  dips,  as  the  salt 
collects  as  brine,  preventing  freezing.  For 
quick  relief  from  a  partly  frozen  line,  the 
pipe  is  sometimes  used  as  a  paft  of  an  electri- 
cal circuit  temporarily  until  the  pipe  is  warm- 
ed sufficiently  to  blow  the  ice  out. — Stacy  H. 
Hill  in  Eng.  and  Min.  Journal. 

Perhaps    it    is    nowhere    more   true    than    in 
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comprci^scd  air  practice  that  prevention  is  bet- 
ter than  cnrc.  Get  the  water  ont  of  the  air 
before  it  commences  its  travel  in  tlie  pipes, 
and  tliere  will  be  no  free/in^;  and  choking 
of  the  pipes  afterwards.  There  shonld  be  an 
aftercooler  and  tiien  a  separator,  if  the  two 
fnnctions  are  not  coml)ined  as  they  shonld  be, 
as  near  the  compressor  as  possible,  when  the 
air  is  at  its  highest  pressure.  If  the  air  is 
then  bronght  to  the  lowest  possible  tempera- 
ture it  will  give  up  its  surplus  of  water,  or. 
what  is  not  quite  the  same  thing,  will  be  in 
condition  to  do  so.  The  lowest  temperature 
possible  with  aftercoolers  of  the  usual  types 
must  of  course  be  a  little  above  the  freezing 
(mint,  but  by  the  use  of  brine  this  might  be 
carried  lower.  When  the  air  so  dried  is  con- 
veyed through  pipes  much  colder  there  will 
still  be  some  deposition  of  moisture  and  con- 
sequent accumulations  of  ice  coatings  in  the 
pipes,  but  the  trouble  will  be  minimized.  Be- 
yond the  aftercooler  in  extreme  cold  weather 
the  further  drying  of  the  air  is  a  question  of 
expense.  There  might  be  alternate  pipe  lines 
of  sufficient  length  to  permit  of  the  thawing 
and  draining  of  one  while  the  other  was  in 
use,  but  this  few  would  resort  to. 

A  suggestion  quite  pertinent  in  this  con- 
nection comes  to  us  from  the  Natural  Gas 
Journal,  where  a  correspondent  writes  of  a 
similar  trouble  and  his  method  of  treating  it 
in  the  transmission  of  natural  gas.  He 
writes : 

''As  to  the  use  of  cooling  tanks  at  the  wells 
to  reduce  the  temperature  of  the  gas  before  it 
goes  into  the  lines,  now^  that  cold  weather  is 
with  us  again,  it  might  not  be  inopportune  to 
say  that  I  have  found  it  effective  to  accomplish 
this  purpose  by  using  an  extra  large  sized  pipe 
from  100  to  i,ooo  ft,  long  next  the  well,  so 
that  a  considerable  amount  of  hoar  frost  can 
accumulate  inside  of  the  pipe,  before  its  inter- 
nal orifice  becomes  so  much  reduced  as  to 
cause  a  noticeable  difficulty.  At  the  end  of 
this  large  pipe,  I  put  a  water  catch  or  tank. 
Then,  whenever  a  melting  day  comes,  this 
hoar  frost  melts  and  is  carried  forward  by  the 
flow  of  gas  into  the  water  catch,  from  which 
it  can  be  let  oflf  in  the  usual  manner.  The 
advantage  of 'this  over  using  tanks  alone,  is 
that  there  is  a  larger  cooling  surface;  the  gas 
is  more  thoroughly  chilled  and  less  likely  to 
cause  trouble  on  the  other  side  of  the  water 
^atch  or  tank." 


TURBOCOMPRESSOR  EFFICIENCIES 

liditor  L\)m pressed  .\ir  Magaciiic. 

'ilic  article  on  the  Turbocompressor  appear- 
ing on  page  5940  (jf  the  February  issue  of 
CoMPKKSSKi)  AiR  contains  some  statements 
which  I  cannot  allow  to  pass  without  a  few 
remarks. 

The  first  statement  is  that  "it  is  claimed  that 
even  at  pressures  as  high  as  150  pounds  per 
square  inch,  the  new  type  of  turbocompressor 
is  at  the  very  least  equal  in  thermal  and  me- 
chanical efficiency  to  the  very  best  kind  of  re- 
ciprocating air  compressor,"  The  objection  to 
this  statement  is  found  in  a  direct  contradic- 
tion on  page  5942  where  the  article  says  that 
"the  high  efficiency  already  obtained  (78  per 
cent,)  as  referred  to  adiabatic  compression, 
places  these  turbo  blowers  very  favorably  in 
comparison  with  the  best  reciprocating  blow- 
ing engines,"  This  must,  of  course,  include 
mechanical  efficiency.  As  first  class  manu- 
facturers of  modern  reciprocating  air  com- 
pressors are  guaranteeing  from  85  to  88  per 
cent,  for  this  item,  in  large  machines  compar- 
able in  size  to  the  turbo  units,  the  statements 
above  given  seem  exaggerated.  With  the 
turbo  machine  it  will  appear  also  that  the 
efficiency  of  compression  decreases  with  in- 
crease of  pressure;  whereas,  with  consistent 
design  this  efficiency  increases  with  the  ratio 
of  compression  in  the  reciprocating  ma- 
chine. 

Going  back  to  page  5940,  the  following  re- 
mark is  given :  ''They  run  practically  without 
noise  at  all  loads".  I,  myself,  have  never  been 
present  when  one  of  these  machines  was  oper- 
ating, but  from  first-hand  reports  I  understand 
that  they  make  considerable  noise  not  unlike 
a  sharp  whistling  shriek.  This  may  not  be 
any  worse  than  the  pounding  of  poppet  valves 
of  the  reciprocating  machine,  but  at  any  rate 
the  turbo  machine  scarcely  can  be  called  noise- 
less. 

The  next  statement  is  that  they  require  a 
minimum  of  powder  to  drive.  The  objection  to 
this  has  already  been  given.  The  statement 
immediately  following  the  above;  namely,  that 
they  are  easily  governed  through  a  wide  range 
of  variation  of  speed,  without  materially  af- 
fecting the  econom}^  may  be  a  good  point  as 
opposed  to  the  reciprocating  machine,  although 
the  curve  in  Fig,  5  seems  to  show  a  falling-ofif 
in  efficiency.     How  this   compares   with  vari- 
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able  speed  control  of  the  reciprocating  steam 
machine,  or  with  the  clearance  controller  of 
the  Ingersoll  make,  or  the  automatic  air  cut- 
off of  Nordberg  for  constant  speed,  would 
surely  be  of  interest. 

On  page  5941  the  article  includes  a  paragraph 
on  the  greater  efficiency  of  cooling  the  air  in 
the  turbo  machine.  This  of  course  is  true  and 
the  maker  of  the  reciprocating  machine  scarce- 
ly hopes  to  effect  economy  through  jacket 
cooling.  Judging  from  this  you  can  see  that 
the  much  greater  efficiency  of  the  recipro- 
cating air  cylinder  points  to  the  fact  that  there 
must  be  some  other  very  serious  losses  in  the 
turbo  machine. 

Of  course,  if  the  turbo  machine  is  driven 
by  a  steam  turbine  the  economy  of  the  steam 
end  may  be  much  greater  than  the  steam  end 
of  the  reciprocating  machine.  Some  figures 
which  I  lately  received  from  a  large  installa- 
tion of  large  turbo  compressors,  however,  do 
not  seem  to  point  to  anything  unusual  in  this 
line.  This  advantage  with  the  steam  machine 
would  fail  entirely  with  an  electric  driven  unit 
and  you  know  that  the  call  for  this  latter 
style  of  machine  is  increasing  every  day  with 
the  additional  facilities  for  long  distance  elec- 
tric transmission. 

S.  B.  Redfield, 
Associate  Editor  American  Machinist. 

[The  article  on  Turbocompressors  was  re- 
produced from  an  authoritative  English 
source,  which  we  regret  that  we  are  not  now 
able  to  identify  with  certainty.  With  regard 
to  the  principal  contention  of  our  correspon- 
dent, that  as  to  the  efficiency  of  the  Turbo- 
compressor,  which  is  the  only  one  which  we 
have  space  to  consider,  it  is  proper  to  remind 
Mr.  Redfield  that  there  are  efficiencies — and 
efficiencies.  In  Richard's  "Compressed  .Air," 
published  fifteen  years  ago,  there  were  (pages 
94-97)  enumerated  four  consecutive  discounts, 
if  we  may  call  them  so,  to  be  deducted  from 
the  theoretical  computation  to  obtain  the  ulti- 
mate efficiency.  A  fifth  discount  on  account 
of  leakage  of  piston  and  valves  was  not 
thought  of  The  conclusion  reached  was : 
"It  is  safe  to  say  that  the  ultimate  efficiency 
never  goes  as  high  as  80  per  cent.,  while  it 
often  goes  below  60  per  cent.  If  any  com- 
pressor builder  feels  aggrieved  over  this  state- 
ment, a  fine  opportunity  is  opened  for  a  dem- 
onstration of  a  higher  efficiency."     And  up  to 


date  no  compressor  builder  has  been  heard 
from,  at  least  by  the  writer.  In  Peele's  "Com- 
pressed Air  Plant,"  second  edition,  published 
last  year,  there  are  reports  of  various  tests 
of  steam  driven  compressors,  the  efficiency 
percentages  of  some  of  which  are  given  as 
follows:  Page  171,  78.1;  page  180,  60.8;  page 
184,  6y ;  same  page,  59.  The  last  item  was 
volumetric  efficiency  alone.  On  page  186  there 
is  a  friction  loss  of  39  per  cent,  between  the 
steam  and  the  air  cylinders,  or  a  power 
efficiency  of  61  per  cent.,  and  so  it  goes  when 
efficiencies  are  talked  about. — Ed.  C.  A.  M.] 


COMPRESSED  AIR  TRANSMISSION 
FORMULAS 

Editor  Compressed  Air  Magazine. 

Referring  to  the  formula  and  tables  for 
friction  of  air  in  pipes  presented  on  page  5950 
of  your  Feb.  issue,  [The  Rix-Johnson  formula, 
used  in  article  by  Frank  Richards.  Ed.  C.  A. 
M.]  I  have  compared  the  results  given  by,  this 
formula  with  those  obtained  by  the  formula 
in  Harris's  "Compressed  Air,"  and  I  find  they 
check  each  other  to  a  surprising  degree,  within 
the  limits  over  which  the  formulas  are  intend- 
ed to  apply.  However,  neither  will  give  rea- 
sonable results  for  very  high  velocities  and 
low  pressures.  But  we  should  note  that  the 
authors  exclude  such  cases  by  the  conditions 
or  assumptions  under  which  the  formulas  are 
developed.  In  comparing  the  labor  of  com- 
putation, the  Harris  formula  has  much  the 
advantage,  since  it  is  adapted  to  straight 
logarithmic  computations.  Moreover,  the 
Harris  table  or  diagrams,  either  of  them, 
covers  the  whole  field  of  practice  in  a  most 
concise  and  simple  form,  rendering  the  labor 
of  computation  almost  nil. 

Observer. 

[It  is  gratifying  to  be  assured  how  com- 
pletely these  two  formulas  corroborate  and 
endorse  each  other.  Beyond  that  it  may  be 
said  that  the  two  formulas  wall  suit  two  dis- 
tinct classes  who  have  occasion  to  use  them. 
It  is  perhaps  to  be  regretted  that  there  are 
two  classes,  but  we  may  expect  them  to  al- 
ways exist.  The  Rix-Johnson  formula  calls 
for  simple  arithmetic  and  nothing  outside  of 
it.  The  Harris  formula  must  have  a  table  of 
logarithms  at  hand  and  some  familiarity  with, 
and  reliability  in,  the  use  of  them.  Ed.  C.  A. 
M.] 
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••THE  SUBWAY   EAR" 

liiiitor  Jin^iiit'ii  iiii^    Xrics. 

Ill  a  rocoiit  issiu'  of  the  Suturday  /-.ri'ninf^ 
I'i'st,  which  (Iocs  not  knowingly  use  the  incor- 
rect or  the  mislciuhnj^  for  holding-  the  inter- 
est of  its  readers,  there  appeared  a  little  article 
with  the  ahtne  title,  in  which  it  was  stated 
that  those  who  hahitually  ride  in  the  suhway 
are  having  their  hearing  impaired  by  the  air 
pressnrc  to  which  they  are  snbject.  "To  pro- 
viile  the  reciuisite  ventilation",  it  was  said, 
"air  is  continnally  forced  into  the  undergronnd 
tnnnel.  Conseqnently  the  air  in  the  snbway 
is  at  a  pressure  considerably  greater  than  out- 
side. When  a  person  descends  into  the  tube 
his  eardrums  are  bulged  inward ;  when  he 
leaves  the  tunnel  the  sudden  removal  of  pres- 
sure causes  them  to  bulge  outward.  This 
when  often  repeated,  is  liable  to  set  up  an  irri- 
tation, which  in  turn  may  bring  about  catarrh, 
etc.,  etc." 

Now  it  may  be  true  that  riding  in  the  sub- 
way does  have  a  deleterious  effect  upon  the 
hearing,  but  not  on  account  of  the  increase  of 
air  pressure,  for  there  is  no  such  increase. 
The  other  day  I  put  my  little  pocket  aneroid 
in  my  pocket  and  entered  the  Subway  at  125th 
street  and  Lenox  avenue,  riding  continuously 
to  Bowling  Green,  say  about  eight  miles. 
Going  down  from  the  sidewalk  to  the  station 
platform  there  was  an  increase  of  pressure 
represented  by  .04  inch  of  mercury,  or,  say, 
.02  lb.  per  square  inch.  In  all  the  trip  there 
was  no  increase  of  pressure  above  this.  In 
fact  the  pressure  began  to  fall,  but  the  fall  at 
the  greatest  was  only  .10  inch  of  mercury,  or, 
say,  .05  lb.  The  somewhat  low^er  pressure, 
within  this  slight  range,  continued  through 
most  of  the  trip,  the  final  reading  on  the  Bowl- 
ing Green  platform  being  identical  with  that 
at   125th  street. 

It  may  be  contrary  to  the  popular  impres- 
sion, but  there  is  no  artificial  forcing  of  air 
into  the  subway.  The  fans  which  were  tried 
for  the  purpose  did  not  produce  satisfactory 
results  and.  as  narrated  by  Dr.  Soper  in  his 
excellent  Boston  paper  upon  subw^ay  condi- 
tions, their  use  was  discontinued,  relief  having 
been  ultimately  found  by  making  large  open- 
ings between  the  tunnel  and  the  outer  air,  and 
through  these,  as  Dr.  Soper  says,  the  tunnel 
"breathes"  both  inwardly  and  outwardly,  and 
the  tunnel  pressure  is  the  same  as  that  outside 


except  for  the  slight  difTeieiui-  dwr  to  the  dif- 
ference of  altitude. 

In  riding  up  or  down  in  tin-  elesator,  be- 
tween tlu'  sidewalk  and  my  room  on  the  14th 
story  where  these  lines  are  written,  the  barom- 
eter shows  a  change  of  pressure  just  double 
that   observed    in    the   eight   mile   subway   trip. 

I""kank  Richards. 


NEW  BOOKS 

Applied  riurmodynoniics  for  Engineers,  by 
William  D.  TLnnis,  M.  1'.,  Professor  of  Me- 
chanical I'2ngineering  in  the  Polytechnic  Insti- 
tute of  Brooklyn.  New  York:  D.  Van  No- 
strand  Company.  446  pages,  6j4x9^  inches, 
316  illustrations.     Price,  $4.50  net. 

Although,  as  the  author  says,  the  title  of  the 
book  is  a  broad  one,  the  spread  of  the  book 
itself  is  commensurate.  The  theories  of  ther- 
modynomics  are  clearly  presented,  and  the 
practical  portion  covers  the  entire  field  of 
power  development  and  application,  beginning 
with  compressed  air,  then  treating  successively 
of  hot  air  engines,  gas  power,  the  steam  en- 
gine, steam  turbines,  the  steam  power  plant, 
distillation,  mechanical  refrigeration.  The  first 
and  the  last  of  these  topics,  in  which  we  are 
most  interested,  are  treated  so  completely  as, 
in  a  way,  to  guarantee  all  the  rest.  Each  chap- 
ter is  supplemented  by  an  extensive  and  excel- 
lent set  of  problems  to  be  worked  out. 

Motion  Study,  a  method  for  increasing  the 
efficiency  of  the  workman,  by  Frank  B.  Gil- 
breth.  Introduction  by  Robert  Thurston  Kent. 
New  York,  D.  Van  Nostrand  Company.  140 
pages,  sVa'^JVa  inches,  44  illustrations.  Price, 
$2.00  net. 

This  book  at  a  casual  glance  might  be  called 
a  study  of  the  laying  of  a  brick,  but  it  really 
does  make  an  astonishing  presentation  of  the 
possibilities  of  labor  saving  by  systematic 
study  of  the  movements  involved  in  specific 
operations  and  by  the  arranging  of  them  in 
their  proper  sequence. 


A.  S.  M     E.  PITTSBURGH  MEETING 

The  spring  meeting  of  the  American  So- 
ciet.v  of  Mechanical  Engineers  will  be  held  in 
Pittsburgh,  Pa.,  May  30  to  June  2,  inclusive. 
The  society  now  has  in  the  Pittsburgh  district 
a  membership  of  about  160,  and  it  has  not  met 
there  since   1884. 

An  executive  committee  consisting  of  E.  M. 
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Ilerr,  chairman,  George  Mesta,  J.  M.  Tate, 
Jr.,  Chester  B.  Albree,  D.  F.  Crawford,  Morris 
Knowles  and  Ehner  K.  Hiles,  secretary,  will 
have  charge.  It  is  expected  that  from  300  to 
400  members  and  ladies  will  be  in  attendance. 
There  will  be  professional  sessions  when 
papers  will  be  read  and  discussed.  There  will 
also  be  inspection  trips  through  the  leading 
local  industrial  establishments,  besides  auto- 
mobile trips  through  the  parks,  a  visit  to  Car- 
negie  Institute,    Memorial   Hall,   etc. 


AN    INCIDENTAL    TAYLOR    AIR  COM- 
PRESSOR 

E.  H.  Sellards,  in  a  recent  issue  of  Science, 
describes  a  "spouting  well,"  which  is  practi- 
cally a  Taylor  air  compressor  although  un- 
intentionally produced.  The  Taylor  compres- 
sor has  been  frequently  described  in  our  pages, 
the  last  occasion  being  the  large  construction 
at  Cobalt,  Ontario,  June,  1910.  The  follow- 
ing is  Mr.  Sellard's  account : 

In  parts  of  Central  Florida  bored  wells  are 
somewhat  extensively  used  for  drainage  pur- 
poses. The  wells  are  drilled  through  the  su- 
perficial material  and  as  a  rule  enter  the  Vicks- 
burg  limestone  of  Oligocene  age,  although 
other  porous  limestones  may  serve  the  same 
purpose.  Many  of  the  wells  terminate  in  cav- 
ities in  the  limestone,  while  others  reach  lay- 
ers of  shell  or  other  porous  material.  Sur- 
face water  entering  the  wells  is  carried  into 
the  limestone  formation.  In  some  localities  in 
the  central  part  of  the  State  these  wells  have 
been  found  efficient  in  carrying  off  surface 
water  and  in  draining  small  marsh  areas. 

One  of  these  drainage  wells  near  Orlando, 
in  Orange  County  recently  developed  the  un- 
usual phenomenon  of  spouting.  The  well  was 
drilled,  in  1907,  near  the  edge  of  a  small  lake. 
It  is  12  inches  in  diameter,  has  a  total  depth 
of  260  feet,  is  cased  60  feet,  and  terminates  in 
a  cavity  in  the  limestone.  The  level  of  per- 
manent underground  water  at  this  locality  is 
23  feet  from  the  surface.  The  well  is  in- 
tended, by  carrying  off  the  surplus  water,  to 
prevent  the  lake  from  rising  above  a  given 
level,  since  to  do  so  would  flood  the  farming 
land. 

When  first  seen  by  the  writer  the  water  of 
the  lake  stood  a  few  inches  above  the  level  of 
the  top  of  the  pipe,  and  the  well  was  receiv- 
ing water  at  much  less  than  its  full  capacity. 
At  intervals  of  a  few  minutes  the  well  would 
reverse    itself   and    spout,   throwing  a   column 


of  water  into  the  air.  The  spouting  comes  on 
gradually.  First,  the  well  ceases  to  receive 
water  and  begins  bubbling;  The  column  of 
water  follows,  rising  with  considerable  force 
to  a  height  of  20  feet  or  more  above  the  sur- 
face, the  spout  occurring  with  tolerable  reg- 
ularity at  intervals  of  four  minutes.  The 
manager  of  the  farm  states,  however,  that  the 
interval  between  spouts  varies  from  2  to  15 
minutes. 

Although  drilled  3  years  ago  and  receiving 
water  more  or  less  continuously  during  that 
time,  the  phenomenon  of  spouting  developed 
for  the  first  time  in  September,  1910.  The 
well  continued  spouting  without  interruption 
for  a  little  more  than  a  week  and  until  shut 
off  by  the  owner. 

At  this  stage  of  the  lake  the  well  is  receiv- 
ing water  at  less  than  its  full  carrying  capacity 
and  as  the  water  enters  the  vertical  pipe  it 
forms  a  suction,  carrying  a  large  amount  of 
air  into  the  well,  which  doubtless  collects  in 
a  chamber  or  cavity  along  the  side  or  at  the 
bottom  of  the  well.  As  the  well  continues 
receiving  water  the  air  accumulates  under 
pressure  in  this  chamber  until  ultimately  the 
pressure  under  which  the  air  is  confined  is 
sufficient  to  overcome  the  weight  of  the  over- 
lying water  plus  the  inertia  of  movement  and 
hence  rushes  out  with  considerable  force,  car- 
rying the  column  of  water  with  it.  The  fact 
that  the  well  when  first  drilled  did  not  spout 
and  afterwards  began  spouting  indicates  that 
the  essential  conditions  were  subsequently  de- 
veloped either  by  caving  or  by  other  changes 
in  the  underground  conditions. 


TO  SAVE  BOTH  SIDES  OF  A  SHEET 
OF    PAPER 

Those  who  are  in  the  habit  of  collecting, 
filing  and  indexing,  engineering  and  other 
data  are  often  troubled  by  the  fact  that  the 
matter  to  be  preserved  runs  over  to  the  other 
side  of  the  same  sheet,  or  different  and  un- 
relative  articles  both  of  value  are  upon  op- 
posite sides  of  the  same  paper.  For  the  relief 
of  such  the  following  description  of  the  pro- 
cess of  splitting  paper  has  been  prepared  : 

Procure  two  pieces  of  cotton  cloth  slightly 
larger  than  the  sheet  of  paper  which  it  is  de- 
sired to  split.  Cover  the  paper  with  a  thin 
coating  of  flour  paste ;  dam.pen  one  of  the 
pieces  of  cloth  and  place  it  over  the  pasted 
side  of  the  paper ;  smooth  out  carefully,  tak- 
ing particular  pains  to   see   that  there  are  no 
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air  l)ul)l)k'.s  uiuUr  tlic  cloth.  Now  p.i^tc  the 
OthiT  silk-  of  the  papiT  and  cover  with  the 
scct>iul  piicc  oi  cloth  in  exactly  the  same  way 
as  with  the  tirst  piece.  Allow  the  cloth  and 
paper  to  hecoine  thortnij^hly  dry.  and  then  i)nll 
tlu-  two  pieci's  {)i  cloth  apart  j^uMitly.  The 
paper  will  separate  in  the  center,  leavinjj;  a 
face  attached  to  each  piece  of  cloth.  To  re- 
move the  paper.  so.iU  the  cloth  in  water  and 
then  ji^ently  detach.  With  a  little  practice  on 
waste  paper,  one  can  socmi  heconie  qnitc  pro- 
ficient in  splittini;  sheets.  The  method  de- 
scrihed  works  admirably  on  fairly  heavy  pa- 
per, and  it  is  sni^jifested  that  those  desiring  to 
try  it,  work  on  a  heavy  grade  tlrst.  With  thin 
paper,  considerable  more  time  and  skill  is  re- 
quired. 


NOTES 

Cast  iron  or  malleable  iron  that  has  been 
sand-blasted  instead  of  pickled  for  cleaning 
the  surface,  gives,  according  to  the  Brass 
World,  much  better  results  in  electroplating, 
as  there  is  less  liability  to  "spot  out."  Many 
platers  have,  therefore,  abandoned  the  pick- 
ling of  castings. 


One  ton  of  refrigeration  is  the  amount  of 
heat  absorbed  by  the  melting  of  2,ogo  pounds 
of  ice  at  2,2  degrees  F.  into  2.000  pounds  of 
water  at  32  degrees  F.,  or  the  amount  of 
heat  that  must  be  extracted  from  2,000 
pounds  of  water  at  32  degrees  F.  to  reduce 
it  to  2.000  pounds  of  ice  at  2>^  degrees  F., 
or  2.000  X  142  =  284,000  B.  T.  U. 


Compressed-air  sewage  ejectors  were  put  in 
a  few  years  ago  in  Guildford,  England,  to 
raise  sewage  from  low-lying  areas  and  permit 
it  to  discharge  into  the  basins  at  the  sewage- 
treatment  works.  There  are  eight  of  these 
ejectors  in  use  with  capacities  ranging  from 
50  to  1200  gal.  per  min.  The  compressed  air 
for  operating  them  is  furnished  by  a  power 
station  situated  adjacent  to  the  town  refuse- 
destructor.  The  waste  heat  from  this  destruc- 
tor generates  sufficient  steam  to  drive  the  air- 
compressors  which  raise  the  sewage. 


What  is  said  to  be  the  largest  rubber  suc- 
tion hose  ever  made  was  made  for  a  Philadel- 
phia dredging  firm,  to  be  used  in  a  deep  water 
operation.  The  outside  diameter  of  this  hose 
is  2)2)  inches,  while  inside  it  measures  29.  The 
1.290-po  '.nd  spiral  sp''ir.g  which  comprises  the 


foinidation  of  the  hose  was  rolled  C(jld  from  a 
rod  I  inch  in  diameter.  The  rubber  and  fabric 
entering  into  its  construction  weighed  3,215 
pounds.  The  rubber  and  duck  were  applied  in 
alternate  layers  with  coatings  of  gum,  after 
which  till-  entire  piece  was  placed  in  a  con- 
tainer  and    vulcanized   with   live   steam. 


Tt  is  reported  that  an  aerological  observatory 
will  be  erected  on  the  Iselberg  (altitude  916 
meters)  by  special  direction  of  the  Duke  of 
Saxe-Coburg-Gotha.  The  task  of  installing 
this  station  has  been  intrusted  to  the  Linden- 
berg  Observatory.  It  is  also  expected  that  an 
aerological  station  will  shortly  be  opened  on 
the  Feldbcrg,  in  the  Taunus  Mountains,  Prus- 
sia. These  will  be  important  additions  to  the 
German  network  of  stations  for  upper  air  re- 
search. Germany  is  already  far  better  pro- 
vided for  in  this  respect  than  any  other  coun- 
trv. 


Syenite,  cyanide  and  kyanite  are  pronounced 
nearly  alike,  but  are  names  for  very  different 
things.  Syenite  is  the  not  uncommon  granite- 
like rock  composed  of  orthoclase,  feldspar  and 
hornblende ;  in  other  words,  a  quartzless 
granite,  named  from  Syene  in  Africa.  Cyanide 
is  well  known  in  cyanide  of  potassium.  Kyan- 
ite schist  is  a  somewhat  rare  schistose  rock, 
largely  composed  of  the  beautiful,  pale  blue 
mineral  kyanite,  which  crystallizes  in  long, 
broad,  flattened  prisms  of  the  triclinic  system. 
The  rock  is  more  common  in  the  eastern 
states.  Cyanide  and  kyanite  are  both  derived 
from  the  Greek  kuaneos,  meaning  blue. 


An  interesting  and  apparently  rational  ex- 
planation of  the  thunder  accompanying  light- 
ning is  given  in  Nature  by  Herr  H.  L.  Braun. 
According  to  this  explanation  the  electricity 
discharged  between  two  clouds  or  between  a 
cloud  and  some  object  on  the  earth  decomposes 
the  small  particles  of  water  in  the  atmosphere 
into  its  constituents.  The  hydrogen  and  oxy- 
gen thus  produced  are  mixed  mechanically  and 
form  an  explosixe  mixture  which  is  immedi- 
ately ignited  by  the  heat  of  the  flash,  and 
when  exploding  produces  the  characteristic 
rattling  report  of  thunder. 


Old  man  Dodder  doubled  the  size  of  his  dry 
kiln  at  the  planing  mill  and  found  that  the 
5-horsepower  fan  was  too  small  and  would 
not  deliver  enough  hot  air.  His  nephew^  Bill  was 
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back  from  college  and  tackled  the  job.  He 
figured  all  over  the  side  of  the  shed  and  told 
his  uncle  that  to  deliver  twice  the  amount  of 
air  he  would  need  a  125-horsepov^'er  engine  to 
run  the  fan,  as  the  rules  showed  one  must 
cube  the  horsepower  required  to  run  the  fan 
with  the  old  kiln.  The  old  man  scratched  his 
head  and  sent  for  Jim,  the  engineer,  to  help 
him  out.  Jim  grinned  and  said  that  all  they 
would  need  was  another  5-horsepower  fan,  as 
the  two  would  deliver  double  the  amount  of 
air. — Power. 


The  melting  of  metals  in  vacuum  is  the  ideal 
method,  because  oxidation  is  prevented  and 
gases  present  in  the  metal  are  expelled  from 
it.  While  it  has  long  been  known  that  the 
method  of  melting  metals  in  a  vacuum  gave 
superior  results  in  the  final  product,  the 
method  has  been  limited  to  very  small  quanti- 
ties of  metal,  due  to  the  difficulty  of  carrying 
it  out  in  practice.  Metals  which  ordinarily  are 
considered  as  brittle  substances,  and  incapable 
of  being  rolled  or  drawn,  can  be  produced,  by 
melting  them  in  vacuum,  in  a  malleable  or 
ductile  condition.  Examples  of  such  metals 
are  tungsten  and  tantalum,  which  in  this  way 
can  be  made  in  the  form  of  wire,  and  are  used 
to  a  great  extent  in  the  newly  bought  incan- 
descent electric  metallic  filament  lamps. 


The  Engineering  Review  mentions  a  case  of 
a  large  gas  engine  plant  which  was  some  time 
ago  exported  from  Great  Britain  to  a  British 
colony  and  erected  at  the  location  several 
thousand  feet  above  sea  level.  The  engines 
did  not  give  the  power  expected  from  them 
and  several  reasons  were  advanced  to  account 
for  this  deficiency.  It  was  finally  concluded 
that  the  loss  of  power  was  due  to  the  altitude 
of  the  power  station.  Upon  investigation  of 
the  theoretical  and  practical  considerations  in- 
volved it  was  found  that  there  is  a  loss  of 
about  one  per  cent,  of  the  indicated  horse- 
power for  each  1000  feet  increase  in  elevation. 
The  effect  of  an  increase  in  elevation  on  an 
engine  with  a  low  ratio  of  compression  is 
slightly  less  than  on  an  engine  with  a  high  de- 
gree of  compression. 


In  the  discussion  of  a  paper  on  mining  loco- 
motives before  the  South  African  Institute  of 
Engineers  Mr.  Kenneth  Austin,  author  of  the 
paper,  says  that  the  costs  of  operating  large 
European  mine  haulage  systems,  which  costs 


include  allowance  of  10  per  cent,  for  depre- 
ciation, are  as  follows:  (i)  electrical  overhead 
wires  operating  locomotive,  i  ct.  per  ton  mile ; 
(2)  compressed  air  locomotive,  2.4  cts.  per  ton 
mile;  (3)  benzol  locomotive,  3.2  cts.  per  ton 
mile ;  (4)  electrical  accumulator  locomotives, 
3.6  cts.  per  ton  mile.  The  figures  show  the 
electrical  overhead  wire  system  to  be  the 
cheapest  but  that  it  has  its  disadvantages  is 
apparent,  for  at  Kimberly,  the  overhead  wire 
system  was  tried  and  abandoned  in  favor  of 
mechanical  rope  haulage.  The  electric  locc- 
motives  gave  satisfaction  but  the  total  work- 
ing costs  were  lower  for  the  mechanical  rope 
haulage  on  account  of  the  fact  that  white 
labor  was  necessary  with  the  locomotives. 
The  cost  of  installation  of  the  electric  system 
at  Kimberly  was  about  five  times  as  great  as 
for  the  rope  haulage,  which  was  also  a  deter- 
mining factor. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C, 

FEBRUARY   7. 

983,284.  STARTING  DEVICE  FOR  EXPLO- 
SIVE-ENGINES. Frederic  N.  Howard,  Har- 
ris, R,  I. 

2.  A  starting  device  for  explosion  engines 
comprising  a  distributing  chamber  arranged  to 
contain  pressure  sufficient  to  start  the  engine, 
valves  controlling  the  passage  of  the  pressure 
from  said  chamber  to  the  engine  cylinders*, 
means  whereby  said  valves  may  be  unseated  by 
the  pressure  in  said  chamber,  a  magnet  for 
controlling  the  operation  of  each  valve,  and  se- 
lective means  for  operating  said  magnets. 
983,293.  STREET  -  DUST  -  REMOVING  MA- 
CHINE. Arnold  Kundig-Honegger,  Zurich, 
Switzerland. 

983,363.     PNEUMATIC    MINING    -    MACHINE. 

Martin    Hardsocg,    Ottumwa,    Iowa. 

983,374.  PNEUMATIC  MUSICAL.  INSTRU- 
MENT. Eugene  de  Kleist,  North  Tonawan- 
da,  N.  Y. 

983,426.  ELEVATOR-OPERATING  MECHAN- 
ISM.     Edwin    Carlson,    Minneapolis,    Minn. 

3.  The  combination  with  an  elevator  car  ana 
means  for  raising  and  lowering  the  same,  of  a 
counter-poising  device  for  said  car,  comprising 
a  cylinder  and  a  piston,  one  of  which  is  subject 
to  movement  of  said  car,  and  an  air  storage 
reservoir  connected  to  said  cylinder  and  afford- 
ing a  variable  pressure  on  said  piston. 
983,574.     VACUUM   -   SWEEPER.        Frank     B. 

Shafer,   Northville.   Mich. 
983,605.     COMPRESSOR.      Henry   W.    N.    Cole, 

Brooklyn,   N.   Y. 
983,610.     BLEED-COCK      FOR      AIR-BRAKES. 

John  M.   Doolet,   Bloomington,   111. 
983,643.         TRAIN-LINE- VENTING         VALVE. 

Franklin  A.  Pierce,  WTieeling,  "W.  Va. 
983,729.         FLUID- ACTUATED      AIR    -    PUMP. 

Samuel   C.    Laidlet.    Chicago,   111. 
983,793.      PNEUMATIC    -    DESPATCH   -    TUBE 

SYSTEM.      Franklin    H.    Wolever,    Chicago, 

111. 
983,806.     OXYGEN  -  GENERATOR.  Richard 

Clinton  Bradley,   Shreveport,  La. 
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A  I  .- 

Liul\viKsli;»r<'M- 
Moitnv.    .Iahi{- 

caustii'     alkali 


9S3.S08.      MKTIlni)    «  U'    SINKING    TONc 'K  irri': 
COLT\MNS.    J'1I:KS,    AND    I'lll-:    MKI-:.    Ciiitis- 

TIAN     K.     ClIKISTIANSKN.     Xt'W     ViUk.     N .     Y. 

ys3.M;5.    AiK-«M).Mi'iU':ssiX(;    mlowiou 

TKIt    J.     I'"'ANNI\t:.     I'rovltlriiCf.     |{.     I. 
9S;{.s:?4.      DKHVHATION      Ol-'      CArSTIC 

KALI.        TAfl.    I'lUWIN     OHKItKlMT. 

oii-tlu'-I{hlM«'.      aiul      I-'uikhuh'm 

MAitKT,    MaiiMlirlin,    Cirituaiiy. 

I.  The  proci'ss  of  ohtainiiiK 
from  solutions  llinrot'  whiili  consists  In  con- 
criitratlMK  tl"'  raustif  alkali  solution  until  it  Ium 
ri-aih  tlu*  point  at  wliifli  it  would  act  upon  the 
material  ot  tlu-  containing  vt'ssci,  anti  tlu'U 
furtluM-  coiuM'ntratiiiK  in  vacuo  at  a  tcniprraturo 
suftU'irntly  low  to  jui-Ncnt  action  of  the  mater- 
ial of  tiu-  \;u'uum  thicr  hut  sullicicntly  lii^h  to 
ilrivc  off  sulistantiallv  all  of  tiu>  water. 
983.S:i7.      LKAK-ALAFiM       l-^OR       I'NIOrMATK"! 

TIRKS.       Km  11,    J.     F.    Qi'iiux.     TioKa     Center, 

N.    Y. 
9S3.S«S.      srcilON-PUMP.  Nat       11.      Fhek- 

MAN.     lIouMei-,    Colo. 


•ts.i.'.i.t.t.     .\[-Vi  ).\i  A'i'K '       i'KI':ssi'kio-(;()VI':k- 

N(>l{.      W'ai.tku   J.    KifiiAitDH,    Milwaukee,    Wis. 

it.s:{.:M;j.       cAN-'ri-isTiou.       Cmaki.kh    Wkknkk. 

San    l''rancisco.    Cal. 

1.  In  a  can  testri-.  the  comhlnat ion  with  a 
clamp  yoke  having  an  arm  furnished  with  a 
movahle  can  clamp,  and  a  hollow  arm  provided 
with  a  sealiiiK  head,  a  movahle  puncture  d<'Vlcc 
mounted  on  said  hollow  arm  within  said  Heal- 
ing liead,  and  a  pressure  Ka^e  and  source  of 
compi«sse<|  air  connected  with  said  hollow  arm, 
suhstant  iailv    as    specHied. 

:»s:'..!t7i.     pNior.MA'ric     clioaninc;     implk- 

MIONT.      KoY   ('.    Hakkh.    Hoston,    MasH, 
;»s:}.!»,S(5.      DKILL  l)rST-AKKl<:S'riOR         AND 

AIR-Pl'RIKIKR.      Wii. 1,1AM    K.    DwYER.    Lead" 

Vllle.     Colo. 
9S:{.!tSS.       PNIOl'MATIC      CLIOANFR.        Chahles 

B.     l'\)STi:u     and     Wilmot     W.     Glidden,     Oak 

Park.   III. 
!>S4,03(I.  (JAS-  Ligl'FFYINCi        APPARATCS 

VOH    DIOMONSTRATION    PURPOSES.      VVil- 

iiKi.M     I'An,    S('ii.\'KM)Ki{,     FTamhur^,    (Jermany. 


Pneumatic  Patents  February  7. 


4.  A  suction  pump  comprising  a  cylinder,  a 
piston  mounted  to  reciprocate  therein,  a  con- 
duit in  communication  with  the  cylinder,  a  re- 
versible check  valve  located  in  the  outer  head 
of  the  cylinder,  the  inner  head  of  the  cylinder 
also  having  reversible  check  valves,  whereby 
the  said  pump  is  adapted  to  cause  either  a  suc- 
tion or  compression,  the  piston  also  having  re- 
versible check  valves,  and  suitable  means  for 
operating  the  piston,   for  the   purpose   set   forth. 

FEBRUARY   14. 

983,876.  GOVERNOR  FOR  VALVES.  Frank 
L.  Cross.  Detroit,  Mich. 

P83.S79.  PNEUMATIC  GOVERNOR.  Thomas 
Daxquard.   New  York,   N.   Y. 

983,882.  DUST-ARRESTING  AND  AIR-PURI- 
FYING DEVICE.  William  E.  Dwyer,  Uead- 
ville,    Colo. 

983.907.  APPARATUS  FOR  GENERATING 
OZONE.  Christoph  Kkips  and  Eduard  Ey, 
Charlottenburg,   Germany. 


984,047.  APPARATUS  FOR  DETERMINING 
DUST  AND  MOISTURE  IN  GASES.  Les- 
lie A.   TouzALiN,   Chicago,   111. 

984,072.     AIR-GUN.        William      J.      Burrows. 

Plymouth,   Mich. 
984.098.     VACUUM     CARPET-SWEEPER.   Carl 

G.   LuNDix,   New  York,   N.   Y. 
984,104.     DIVING-SUIT     ATTACHMENT.   Enos 

B.   Petrie,   New  York,   N.   Y. 

1.  The  combination  with  a  diving  suit,  of  a 
relatively  large  hose  connected  at  its  upper  end 
with  a  pop  valve,  and  a  smaller  air  supply  pipe 
extending  through  the  hose  and  into  the  suit. 
984,112.  PNEUMATIC  TOOL.  Henry  Schu- 
macher, Denver,  Colo. 

984,133.  FLOATING  DOCK.  Hans  Giese, 
Berlin,   Germany. 

2.  A  floating  or  off-shore  dock,  comprising  a 
bottom  pontoon  having  a  chamber  into  which 
water  passes  while  lowering  the  dock  and  in 
which  air  is  compressed  by  the  entering  water, 
a  chamber  to  which  water  is  admitted  for  sink- 
ing the  dock,  means  for  throttling  the  escape  of 
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air  therefrom  to  equalize  the  internal  pressure 
with  that  of  the  outside,  and  means  for  forcing 
compressed  air  into  said  last-mentioned  cham- 
ber to  expel  the  water  therefrom,  to  raise  th(? 
dock  while  water  is  being  at  the  same  time 
expelled  from  the  first-mentioned  chamber  by 
the  air  compressed  therein. 
984,144.      AERATING-CHURN.         Thaddeus      S. 

Leese,  Avalon,  Pa. 
984,153.       PNEUMATIC    -    PRESSURE      GAGE. 

Ole  Olsen,  Fruitvale,  Cal. 
984,171.     ROCK-DRILL.   Daniel   Shaw  Waugh, 

Denver,    Colo. 
984,187.      APPARATUS        FOR        DISPENSING 

CLEANING    FLUIDS.      Joseph    N.    B.    Bond, 

New  York,   N.  Y. 

984.220.  AIR-CUSHION.        Jesse     G.      Hilton, 

984.221.  PRODUCTION  OF  GASES  OF  HIGH 
OXIDIZING  EFFICIENCY.  Charles  Horn- 
BOSTEL,    New   York,    N.    Y. 


FEBRUARY   21. 

9X4.549.  PNEUMATIC  STACKER.  James  E. 
Poster,    Clarksburg,    Ontario,    Canada. 

984,553.  TEMPERATURE-CHANGING  DE- 
V  ICE  FOR  CARS.  Cassius  M.  Gay,  Los  An- 
geles,   Cal. 

984,579.     THERMOSTATIC       MOTOR.  Fritz 

Marti,    Bas    Obispo,    Panama. 

1.  A  device  of  the  character  described  com- 
prising a  rotatably  mounted  container,  a  tube 
extended  from  said  container,  one  end  of  said 
tube  having  communication  with  the  interior  of 
the  container  and  adapted  to  contain  mercury, 
whereby  said  device  will  be  rotated  by  varia- 
tions of  density  of  air  in  the  container. 
984,585.      SOLAR-HEAT     MOTOR.       Edwin     H. 

McHenry,    New   Haven,    Conn. 

2.  The  combination  of  a  vaporizer,  of  a  solar 
heat  collector  connected  to  said  vaporizer,  means 
for   causing  air   to   circulate   through   the   collec- 


Pneumatic  Patents  February  14. 


984,227.      SUCTION-PUMP        FOR        VACUUM- 
CLEANERS.     Jacob  C.   Luden,   Reading,   Pa. 
984,233.      PNEUMATIC        SUSPENSION        FOR 
VEHICLES.      Gordon    A.    Murphy,    Oakland, 
Cal 
984,321.      COxMPOUND     AIR     -     COMPRESSOR. 
William   R.    Thompson   and   Elmer   E.    Case, 
South    Norwalk,    Conn. 
984,329.     PUMPING    APPARATUS.      Frederick 
C.  Weber,  New  York,   N.   Y. 
1.  Pumping   apparatus    comprising   a    chamber 
adapted     to     receive     and     discharge     a     liquid, 
means  for  alternately  withdrawing  air  from  the 
chamber    and    for    supplying    air    thereto    under 
pressure,     a     valve     controlling     the     withdrawal 
and      admission      of      air,      and      valve       throw- 
ing    means — actuated       in       one     direction       by 
air  pressure   from   the   said   chamber  and   in   the 
other    direction    by    suction    resulting    from    the 
withdrawal  of  air  from  the  chamber — for  throw- 
ing the  valve   in   reverse   directions. 
984,426.  PNEUMATICALLY    -     OPERATED 

CLUTCH.     Arthur  V.  Hannifin,  Chicago,  111. 
984,512.      COMPRESSED-AIR        DEVICE.       Al- 
fred   McKnight,    Wilmington,    Ohio. 


tor  and  vaporizer,  and  means  for  supplying  the 

air  as  it  is  heated  with  water  vapor. 

984,599.  APPARATUS  FOR  STORING  AND 
DISTRIBUTING  WIND-POWER.  Stephane 
PiCHAULT,    Valenciennes,    France. 

984,606.  PORTABLE  PNEUMATIC  SHUT- 
TLE-THREADING IMPLEMENT.  Angelo 
Ricci,   Natick,   R.   I. 

984,628.  VACUUM-CLEANER.  Franklin  C. 
Wheeler,   Cleveland,   Ohio. 

984,660.        LIQUID   -   COOLING      APPARATUS. 
Frederick  W.   Haas,   Pittsburg,  Pa. 
2.   In   a   cooling  apparatus,    means   for   causing 

water    to    fall    in    a    state    of    fine    subdivision, 

means   for   passing  through   the   same   a   current 

of  rarefied  air,   and  means  for   returning  to   the 

water  supply  any  water  carried  with   the  air. 

984,753.  SAND-BLAST  APPARATUS.  Charles 
W.    Ebeling,    Elm   Grove,   W.   Va. 

984,755.  WINDMILL-GOVERNOR.  William 
A.  Fifield,  Minot,  N.  D. 

984.779.  PORTABLE  AIR-SUCTION  CLEAN- 
ING APPARATUS.  Frederick  H.  Sander, 
Maiden.   Mass. 
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9S4.S7r,.  AlM'AflATUS  FOR  LIQUEB^YING 
GASES.     Albert  C.  Wood,  Pliiladelphia,  Pa. 

9S4.;i25.  PHOCKSS  OP'  OXIDIZING  NITRO- 
GHX  OF  AIR  BY  MEANS  OF  ELECTRIC 
DISCHARGES.  Karl  Kaiser,  Wilmersdorf, 
near   Berlin,   Gorman  v. 

aSo.oin.  P'LUID  -  PRESSURE  -  OPERATED 
BOTTLE-CAPPING  MACHINE.  Ross  V. 
Craggs,   Baltimore,   Md. 

985,013.  AIR-PUMP.  John  Desmond,  Chica- 
go. 111. 

FEBRUARY  28. 

98.'>.131.  WIXDAHLL.  William  P.  Bennett, 
Woodstock,   Ohio. 

985,159.  GAS-BLOW  PIPE.  Nelson  Good- 
year.   New   York,   N.   Y. 

985.162.  PNEUMATIC  CUSHION  FOR  VE- 
HICLES.    LuciEN  R.  Gruss,  Chlco,  Cal. 

985.202.  AIR-BRAKE  ATTACHMENT.  JoHN 
W.  Pagett  and  George  F.  Penington,  Chick- 
asawba,  Ark. 

985,476.  AIR-PUMP.  Edward  E.  Trton,  West 
Hartford,   Conn. 


Alfred      F.      Barrow, 
Georges   Baujard,   Par- 


985,498.      WINDMILL. 

New  Haven,  Ind. 
985.500.      ATOMIZER. 

is,  France. 

985,576.     MOLDING  APPARATUS.      Willis   H. 

Fisher,   Baltimore,   Md. 
985,694.      PNEUMATIC         CARPET-CLEANER. 

Edwin  E.   Overholt,  Washington,   D.   C. 
985,747.      APPARATUS        FOR     DESICCATING 

LIQUIDS.      Irving    S.    Merrell,    Syracuse,    N. 

Y. 

4.  In  an  apparatus  for  separating  solids 
from  liquid,  a  desicating  chamber  having  an 
outlet,  means  for  sprayng  the  liquid  into  the 
desiccating  chamber,  means  for  introducing  an 
aeriform  moisture  absorbent  into  contact  with 
the  sprayed  liquid  and  directing  it  toward  the 
outlet,  and  a  rotary  dust  collector  having  pock- 
et.s  movable  successively  into  and  out  of  com- 
munication with  the  outlet,  said  pockets  being 
provided  with  at  least  one  screened  side  to  per- 
mit the  exit  of  the  moisture-laden  air  and  retain 
the    desiccated    product. 
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KING  SOLOMON'S    QUARRIES 

The  interesting  photo  here  reproduced  from 
Stone,  for  which  publication  it  was  originally 
made,  should  be  of  wide  general  interest,  and 
we  may  assume  its  appeal  to  our  own  read- 
ers in  that  compressed  air  is  here  so  conspicu- 
ous by  its  absence,  showing  one  of  the  marked 
contrasts  between  the  ancient  and  the  modern 
ways  of  working. 

Thomas  R.  Wallace,  U.  S.  consul  at  Jeru- 
salem, recently  reported  concerning  the  vast 
abandoned  and  long  forgotten  quarries  be- 
neath the  northern  portion  of  the  Holy  City. 


They  were  discovered  a  few  decades  ago  by 
accident.  A  Dr.  Barclay,  an  American  tour- 
ist, was  out  hunting,  and  as  he -passed  along 
the  north  wall  of  the  city  his  dog  disappeared 
beneath  the  wall.  Following  him  Dr.  Bar- 
clay discovered  the  entrance,  then  almost  en- 
tirely closed  with  rubbish,  of  these  grottoes  or 
quarries.  This  discovery  led  to  their  explora- 
tion, and  it  was  found  that  vast  quantities  of 
white  stone  had  been  taken  out  for  building 
purposes,  enough,  it  has  been  estimated,  to 
build  the  present  Jerusalem  within  the  wall 
two  or  three  times  over. 


()Oj8 
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The  cxcc'i'tliiiK  wliitiiu'ss  of  the  stoiu".  ils 
manu^s  to  tlir  irmplc  area,  its  suit;il)ilil\  for 
l)uililinii  i)iH|>i>M>,  hiiiij^-  soft  wlini  fir.st  (|u:ir- 
ri<.-(l,  l)Ut  iKirdeiiiiii;  oil  exposure,  the  K^c.\i 
ehamhiT  (Krp  in  .stone  ehippiii,L;s,  whi-rc  vast 
iiuantities  of  the  ipi.irried  stone  h;ul  hecn  cut 
into  shape.  su^^estinK  llie  alhision  to  the  teni 
pie  havinji  heeii  put  together  without  the  soinxl 
of  hanuuer  or  saw  — all  these  and  other  con- 
siderations conspireil  to  establish  the  ide.a  that 
has  since  taken  hold  on  the  public  mind,  that 
here  intleed  was  that  oi  which  Josephus  and 
the  Old  'restanu'ut  spoke  in  connection  with 
the  building  of  the  tbmple. 

The  (juarries  are  entirely  snbsterranean  and 
reach  to  a  great  depth,  comprising  many  sep- 
arate chambers.  The  photo  was.  of  course, 
taken  by  tlashlight.  .and  from  it  we  get  a  good 
idea  of  how  everything  was  left  by  the  work- 
men after  they  had  removed  the  last  rovv  of 
building  blocks.  The  manner  of  hewing  out 
the  deep  grooves  on  each  side  of  the  block, 
and  at  its  top  and  bottom,  and  the  way  the 
wedges  were  introduced  at  the  back  for 
breaking  the  block  from  its  bed  rock,  can  all 
be  plainly  traced,  as  well  as  the  niches  for 
the  workman's  lamps,  so  placed  that  the  light 
would  shine  into  the  cut. 


COMPRESSED    AIR    EXPLOSIONS 

Bv  W.  L.  Saunders. 

]\Ien  in  charge  of  compressed  air  plants 
should  watch  and  study  carefully  each  case 
where  ignition  or  explosion  occurs  in  com- 
pressed air  pipes  and  passages.  It  is  a  dan- 
gerous thing  to  maintain  a  large  volume  of 
compressed  air  in  a  condition  where  there  is  a 
liability  of  ignition  of  corbonaceous  matter. 

A  case  has  recently  been  brought  to  my  at- 
tention where  a  typical  plant  of  air  compres- 
sors, consisting  of  two  straight  line  machines 
with  compound  air  cylinders,  was  working  in 
an  engine  room  pumping  air  at  a  pressure  of 
about  90  pounds  into  a  receiver  from  which 
the  air  was  led  a  distance  of  about  150  feet 
to  the  mouth  of  a  shaft.  An  explosion  took 
place  at  the  mouth  of  the  shaft,  the  pipe  and 
tee  (6")  were  ruptured,  about  6  feet  of  the 
pipe  breaking  open  and  the  tee  being  shattered. 
The  pipe  down  in  the  shaft,  w^hich  was  held 
together  by  flanged  couplings,  was  broken  to 
the  extent  of  one  section  of  pipe  only,  this  sec- 
tion, together  with  the  flanges,  being  thrown 
out  and  the  flanges  broken. 


(  )nr  prrnliarit\  .iboiit  this  construction, 
which  may  havi'  had  soimthing  to  do 
with  tlu-  ixplosion.  is  that  the  air  pipe  line 
leading  Iroin  tlu-  rri-ii\ir  to  thr  jnoiuii  of  the 
sb,.lt  \\;\'  not  (Ml  a  li'\cl,  Iml  was  depressed  at 
ih'-  ncriv  rr,  whi<ii  nuaii.-  that  there  was  a 
pock'-l  in  ihis  liiu-  nrar  tlu'  receiver,  which 
niii.;lil  h  ive  ;iccnninl.ili(l  moisture,  oil,  carbon 
or  other  material.  The  tirst  lesson  to  be 
learned  from  this  i-xplosion  is  th.at  under  no 
circuin^t.inces  should  such  a  pocket  exist  in 
;ui  ;iir  pipe  line.  In  this  case  there  appears 
to  be  no  rea.son  for  such  construction,  though 
at  times,  and  particularly  in  mines,  it  may  be 
impracticable  to  prevent  a  condition  like  this, 
but  in  such  cases  the  pocket  should  be  acces- 
sible and  should  be  provided  with  means  for 
dr.'iiiiing,  ])referal)ly  in  the  shape  of  a  small 
air  receiver  or  enlarged  section  of  pipe. 

This  plant  was  provided  with  a  Pittsburg 
recording  pressure  gage.  This  recording  gage 
record  shows  a  pressure  rimning  uniformly 
at  about  90  pounds  per  square  inch  during 
the  day,  until  about  half  past  3  o'clock  in  the 
afternoon,  when  the  line  forms  a  right  angle, 
going  abruptly  in  a  straight  line  up  beyond  the 
limits  of  the  gage.  Evidently  when  .this  ex- 
plosion took  place  the  needle  was  driven  up- 
ward until  it  stuck. 

An  investigation  in  this  case  led  immediately 
to  the  question  as  to  what  oil  was  used. 
A  sample  being  furnished  and  analyzed, 
showed  a  flash  test  of  360  degrees,  Fahrenheit ; 
which  cannot  be  called  a  low  flash  test,  though 
it  might  have  been  higher.  Oil  showing  a  flash 
test  of  360  degrees  is  fairly  good  oil  for  this 
purpose. 

It  is  impossible  to  determine  definitely  in  a 
case  like  this  where  the  explosion  or  ignition 
began,  w^e  simply  know-  that  the  air  pipe  in  cer- 
tain places  broke,  and  as  these  places  were 
connected  through  an  uninterrupted  com- 
pressed air  passage  with  the  interior  of  the 
compressor  cylinder,  through  the  receiver,  it 
is  reasonable  to  say  that  the  high  pressure 
which  this  explosion  or  ignition  produced  ex- 
tended all  along  the  line,  and  that  the  rupture 
took  place  at  the  weakest  points.  A  pipe  joint, 
especially  where  it  connects  with  a  cast  iron 
fitting,  is  naturally  weakeV  than  an  air  re- 
ceiver or  the  discharge  passages  of  an  air  com- 
pressor cylinder. 

It  is  unreasonable  to  suppose  that  ignition 
actually   took  place   at   the   point   of   fracture. 
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It  is  more  reasonable  to  infer  that  the  begin- 
ning was  in  the  air  cyHnder  itself  or  at  a 
discharge  valve,  and  it  is  plain  that  com- 
pressed air  when  charged  with  vapor  of  oil 
will  ignite  or  explode  .along  the  entire  line, 
provided  a  spark  initiates  it.  What  takes 
place  in  the  cylinder  of  an  automo- 
bile is  probably  what  took  place  in  the 
case  of  this  explosion.  An  automobile 
engine  gets  its  power  through  the  ignition  of 
a  chamber  of  air  compressed  and  charged 
with  an  explosive  vapor — gasoline.  The  pro- 
portion of  gasoline  to  air  is  very  small,  the 
gasoline,  however,  being  so  thoroughly  dis- 
tributed throughout  the  air  that  it  heats  or 
ignites  the  air  at  all  points,  causing  rapid  ex- 
pansion. 

The  word  explosion  is  a  relative  term. 
Steam  may  be  said  to  explode  when  it  pushes 
the  piston  of  an  engine,  through  an  effort  to 
occupy  more  space,  because  the  original  par- 
ticles of  water  are  converted  into  steam  by 
heat.  An  air  receiver  filled  with  compressed 
air  and  heated  will  have  an  explosive  ten- 
dency for  the  same  reason.  In  other  words, 
an  explosion  may  be  said  to  be  the  result  of 
the  tendency  of  a  confined  substance  to  occupy 
more  space,  and  if  that  action  takes  place 
slowly  it  is  called  an  expansion.  If  it  takes 
place  rapidly  or  suddenly  it  is  called  an  ex- 
plosion. 

In  the  automobile  cylinder,  for  instance, 
we  cannot  call  it  an  explosion  because  it  acts 
harmoniously  and  practically,  producing  me- 
chanical power.  If  the  ports  and  passages  of 
an  automobile  engine  were  made  too  light  the 
result  would  be  an  explosion,  or,  if  we  inserted 
gun  powder  or  dynamite  in  the  cylinder  in- 
stead of  gasoline,  we  would  produce  an  ex- 
cessive pressure  which  would  rupture  the  en- 
gine ;  this  would  be  an  explosion. 

Another  point  to  be  considered  in  studying 
a  compressed  air  explosion  is  that  the  quan- 
tity of  carbon  that  is  present  in  the  air  has 
a  good  deal  to  do  with  the  seriousness  of  the 
explosion.  It  is  not  uncommon  to  have  what 
is  known  as  flaming  take  place  in  com- 
pressed air  ports,  pipes  and  passages.  A  can- 
dle will  burn  in  a  closed  air  rec^eiver  contain- 
ing compressed  air  more  violently  than  in 
the  free  air.  If  while  burning  this  candle  fiame 
comes  in  contact  with  inflammable  gases  mixed 
with  the  air  there  will  be  what  is  known  as 
flaming.     What  takes  place  in  the  automobile 


cylinder  might  really  be  called  flaming,  but 
the  point  to  consider  in  compressed  air  plants 
is  that,  as  with  the  automobile  cylinder,  this 
may  do  no  damage  provided  the  parts  and 
passages  are  strong  enough.  If,  however,  this 
flaming  is  something  more  than  what  takes 
place  in  the  automobile  cylinder,  because  there 
is  present  in  the  air  a  sufficient  amount  of 
carbon  to  produce  a  violent  explosion,  then 
the  condition  becomes  serious. 

Take  gun  powder,  for  instance.  We  have 
a  solid,  which  contains  the  elements  neces- 
sary to  combusiion  intimately  commingled  and 
ignition  produces  explosion.  This  combus- 
tion takes  place  so  rapidly  that  we  have  a  real 
explosion,  and  not  a  mere  flaming  or  expan- 
sion as  in  the  automobile  cylinder.  To  con- 
tinue the  illustration  let  us  suppose  that  we 
have  a  little  dynamite  in  the  place  of  the  gun- 
powder. Here  w^e  have  a  still  greater  sudden- 
ness of  combustion  and  a  more  violent  explo- 
sion. 

A  piece  oi  gun  powder  the  size  of  a  pea  will 
produce  one  result,  a  quantity  of  gun  powder 
the  size  of  a  cocoanut  will  produce  another. 
Gun  powder  the  size  of  a  pea  might  be  placed 
in  the  air  pipe  of  a  compressed  air  installation 
and  ignite  without  doing  any  more  damage 
than  flaming,  but  a  quantity  of  gun  powder 
equal  to  the  volume  of  a  cocoanut  would  be 
certain  destruction.  The  point  to  be  consid- 
ered here  is  that  this  carbon  oil,  or  other 
material  wdiich  collects  in  compressed  air  re- 
ceivers, pipes  and  passages,  if  only  there  in 
small  quqantities,  might  ignite  without  doing 
damage,  but  if  it  is  neglected,  allowed  to  ac- 
cumulate, and  a  condition  arises  by  which  ig- 
nition takes  place,  we  have  a  serious  explosion. 

The  first  point  therefore,  is  to  so  build  that 
there  will  be  nO'  chance  through  pockets  to  ac- 
cumulate oil,  carbon  and  other  inflammable 
matter.  Receivers,  valves  and  passages  should 
be  looked  into  once  a  week  and  cleaned  out. 
Do  not  clean  them  out  in  the  easiest  way; 
that  is,  by  the  use  of  kerosene,  for  this  is  add- 
ing fuel  to  the  flames,  but  clean  them  out  me- 
chanically with  .a  scraper. 

No  one  can  tell  where  or  how  an  explosion 
of  this  kind  originates.  It  is  probable,  how- 
ever, that  it  comes  from  the  air  cylinder,  either 
through  a  defective  discharge  valve,  which 
might  stick  and  allow  the  receiver  air  to  come 
back  again  hot  into  the  cylinder  and  thus  pile 
up  too  great  a  temperature,  or  it  arises  from 
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a  l(>roijL»n  suhstanco  hcinj;  diawii  111  with  the 
frco  air  and  thruiij^h  trii'liou  of  the  piston 
or  valve  resuUiii^  in  a  spark.  1  his  point  is 
frcqnently  nejj^lected.  We  look  at  free  air 
around  an  engine  room  and  it  l(H)ks  all  ri^ht, 
but  it  usually  is  not  all  right,  and  it  should 
be  cleaned  by  strainiu}^  before  it  is  allowed  to 
go  into  an  air  eonipressor.  There  have  been 
cases  where  the  machinery  has  been  com- 
pletely destroyed  in  a  few  months  through 
foreign  substances,  or  e\en  acids  from  fur- 
nace smoke,  being  tlrawn  into  the  air  cylinder, 
compressed  and  concentrated.  Steam  is  clean, 
because  it  is  distilled  water,  the  foreign  sub- 
stances remaining  in  the  boiler,  and  we  fre- 
quently lose  sight  of  the  fact  that  because  we 
have  so  little  trouble  in  the  steam  cylinder 
we  should  not  neglect  the  air  end.  Apart  from 
the  liability  to  destroy  the  piston,  cylinder  and 
valves,  we  are  pumping  down  into  a  mine 
chamber  dusty  or  foul  air.  The  best  air  is  that 
which  comes  from  a  well,  and  if  a  well  is  not 
available  an  artificial  one  can  be  built  outside 
the  engine  room  by  putting  some  boards  to- 
gether, making  a  frame,  and  with  the  use  of 
cheese-cloth,  bagging  or  other  cheap  sub- 
stance, baffle  plates  may  be  constructed  and 
kept  wet  for  catching  at  least  the  dust  and 
dirt  that  is  always  in  the  air  about  an  en- 
gine room.  This  also  serves  to  lower  the  tem- 
perature, and  it  is  certain  that  the  cooler  the 
air  is  when  it  goes  into  the  cylinder  of  a  com- 
pressor the  more  economical  is  the  process  of 
compression. 


INERTIA  OF  AIR  COMPRESSOR 
INTAKE 

Fig.  I  shows  an  air-compressor  indicator 
diagram  with  this  rise  in  intake  pressure 
above  the  atmosphere  line  at  the  end  of  the 
suction  strokes,  A  A;  such  diagrams  often 
being  found  and  by  some  mistakenly  regarded 
as  evidence  of  discharge-valve  leakage. 

It  is  quite  generally  admitted  that,  under 
favorable  conditions  of  unobstructed  piping, 
high  piston  speed  and  relatively  large  number 
of  reciprocations,  a  water  pump  actually  will 
deliver  more  water  than  its  piston  displace- 
ment would  indicate.  This  is  simply  because 
the  water,  attaining  a  high  intake  velocity, 
does  not  stop  instantly  when  the  piston  reaches 
the  end  of  its  travel,  but  the  inertia  of  the 
moving  water  tends  to  continue  the  flow  dur- 


ing the  iiistaiu  of  rest  i)rivious  to  reversal  uf 
[)islon  stroke. 

1  his  sounds  like  "peri)etual  motion,"  but  an 
instant's  reflection  will  free  the  mind  of  such 
an  impression.  The  speed  and  inertia  given 
to  the  rapidly  moving  water  must,  of  course, 
have  come  from  the  piston,  and  this  latter 
nuist  have  received  them  from  the  power  of 
the  driving  mechanism,  so  that  every  extra 
foot-gallon  of  work  done  will  be  accounted  for 
at  the  motor  end  of  the  machine. 

Such  conditions  in  a  water  pump  could  ob- 
tain only  with  relatively  low  heads  because, 
water  being  incompressible,  the  energy  of  flow 
quickly  would  be  absorbed  in  overcoming  the 
pumping  head  as  the  water  rushed  directly 
through  the  pump  cylinder  into  the  discharge. 
This  restriction  would  not  hold,  however,  with 
moving  air  for,  although  the  air  is  very  much 
lighter  and  has  much  less  inertia  for  a  given 
volume,  even  at  its  higher  speed,  this  inrushing 
air  would  not  encounter  the  pressure  of  the 
discharge  at  all ;  but  simply  would  crowd  into 
the  cylinder  against  a  pressure  approximately 
atmospheric,  causing  a  slight  increase  of  this 
pressure  above  the  atmospheric  line,  as  shown 
in  Fig.  I. 

If  the  inertia  effect  does  take  place,  as  the 
rise  in  the  air-intake  line  would  seem  to  show, 
to  marked  degree  sometimes,  what  effect  does 
it  have,  and  can  any  practical  steps  be  taken 
to  improve  the  action  of  a  compressor  thereby? 

BASIS   OF  CALCULATION. 

As  a  basis  for  calculating  such  an  effect  of 
inertia  we  may  turn  to  the  method  of  calcu- 
lating the  inertia  forces  of  the  reciprocating 
parts  of  a  steam  engine.  We  may  do  this  on 
the  assumption  that  the  motion  of  the  air  in 
the  intake  pipe  is  in  a  series  of  pulsations 
corresponding  to  the  reciprocating  motion  of 
the  air  piston.  Close  to  the  compressor  cylin- 
der, this  probably  is  very  nearly  true  and  the 
effect  must  be  similar  in  a  gradually  decreas- 
ing degree  at  greater  distances.  Even  at  the 
further  end  of  a  compressor  intake  pipe  of 
considerable  length,  these  pulsations  are  dis- 
tinctly noticeable  upon  placing  the  hand  in  the 
current  of  air  rushing  into  the  pipe.  Far 
enough  away  from  the  piston,  the  pulsation 
waves  are,  no  doubt  distinctly  modified  from 
the  approximately  simple-harmonic  motion  of 
the  piston,  but  the  distance  would  have  to  be 
very  great  before  the  elasticity  of  the  incom- 


COMPRESSED  AIR  MAGAZINE. 


6031 


ing  air  would  be  such  as  to  absorb  all  pulsa- 
tions and  result  in  an  even  flow  of  air  into  the 
pipe. 

Those  who  have  studied  the  crank  effort 
diagram  of  the  steam  engine,  or  other  machine 
involving  a  crank  and  connecting  rod,  are 
aware  that  the  starting  and  stopping  forces  at 
the  ends  of  the  strokes  are,  with  an  infinite 
connecting  rod  (or  a  "Scotch  yoke"),  equal 
to  the  centrifugal  force  that  would  be  pro- 
duced if  all  the  reciprocating  parts  were  re- 
volving about  the  shaft  at  the  radius  of  the 
crank  circle.  If  the  force  at  the  end  of  the 
back  stroke  or  beginning  of  the  forward 
stroke,  this  force  tending  to  produce  tension 
in  the  rods,  be  considered  positive  ;  the  stop- 
ping force  at  the  other  end  of  the  stroke,  tend- 
ing to  produce  compression  in  the  rods,  must 
be  considered  negative. 

At  some  time,  then,  during  the  stroke  of  the 
piston,  the  inertia  forces  must  become  zero, 
the  parts  having  been  completely  accelerated 
and  traveling  .along  in  equilibrium.  With  an 
infinite  connecting  rod  (Scotch  yoke),  this 
point  of  zero  inertia  force  occurs  at  mid- 
stroke,  and  a  diagram  of  the  forces  of  inertia 
of  the  parts  would  be  as  in  Fig.  2.  In  this 
case,  the  forces  at  each  dead  center  would  be 
alike,  and  the  point  of  zero  force  would  be,  as 
said,  at  mid-stroke. 

In  this  reasoning  the  difference  between 
inertia  and  inertia  force  must  be  distinctly  ap- 
preciated. At  mid-stroke  the  inertia,  or  stored 
energy  would  be  maximum,  due  to  the  high 
velocity ;  but  the  force  exerted  would  be  zero, 
because  there  would  be  no  acceleration  or  re- 
tardation. Toward  the  stroke  ends,  however, 
the  slowing  of  the  motion  would  transform 
the  inertia  into  an  active  force  pressing  on  the 
crank  pin  and  assisting  the  motion,  this  force 
becoming  a  maximum  just  at  the  instant  of 
stopping.  At  this  instant,  of  course,  the  inertia 
would  be  zero.  Whatever  force  assists  the 
crank  pin  toward  the  end  of  each  stroke,  cor- 
respondingly tends  to  retard  the  crank  pin 
during  the  start  of  the  next  stroke,  so  no  net 
work  is  done  by  these  forces. 

EFFECT     OF    CONNEGTING-ROD    ANGULARITY. 

For  the  real  conditions  of  a  finite  connect- 
ing rod,  we  may  refer  to  some  calculations  by 
Professor  Jacobus  in  the  Transactions  of  the 
American  Society  of  Mechanical  Engineers, 
Volume    Ti,    pages    492   .and    11 34.      In    these 
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Diagrram  of  Forces  of  Inertia  of 
Reciprocating  Parts  with  Infinite 
Connecting  Rod  or  Scotch  Yoke. 
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Fig.  3 

Diagram  of  Forces  of  Inertia  of 

Reciprocating  Parts  with  Connecting  Rod 

Length  of  5  times  the  Crank  Arm. 
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papers  will  be  found  a  table  of  factors  worked 
out,  by  which  the  theoretical,  infinite-rod 
forces  may  be  multiplied  to  obtain  the  actual, 
finite-rod  forces.  A  plot  of  such  a  calculation 
will  produce  a  curve  like  Fig.  3,  where  the 
forces  at  the  two  ends  of  the  stroke  are  unlike 
and  where  the  zero  point  is  somewhere  around 
80  degrees  of  crank  angle,  measured  from  the 
head  center.  These  changes  are  due  simply 
to  the  effect  of  the  connecting-rod  angularity 
in  putting  the  piston  forward  of  where  it 
would  be  at  any  one  time  if  the  rod  were 
infinite   and  had   no   angularity. 

For  an  infinite  rod,  the  force  of  inertia,  in 
pounds,  at  any  position  of  crank  angle  is  ex- 
pressed as  follows : 

Ww'N'R 

F  = COS.  o, 

900  g 
where 

W  =  Weight     of     reciprocating     parts,     irr 
pounds ; 

N  ■=^  Number    of    revolutions    of    crank    per 
minute ; 

R  =  Crank  radius,  in  feet ; 

g  =  Acceleration  of  gravity,  32.2 ; 

e  =  Crank  angle,  measured  from  head  dead 
center. 

When  e  ^  o,  cos.  0=1  and  F  becomes  the 
same  as  the  centrifugal  force,  as  already  ex- 
plained, for  the  dead-center  position. 
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I'"ri>in    ridli'^sor   J:k*()1uis"   t'luuirs.    lor   a   ma 
cliiiK'  having  a  comu'ctin^  roil  i^i  kn^tli  ».'(|iial 
to  five  times  tilt'  crank  arm.  tlu-  ii'>iial   (KsiKH 
for  air  compressors,  the   t'orcr  at  bcKiiniiiiL;  or 
till!  {>(  either  stroke,  should  ho 
IV  n  N'  R 

F  = C  COS.  r»  -f  0.2  ) . 

900.1: 
Al'I'l.irATION    TO    .MOVINli    lOl.r.M.N    Ol'    .\lk. 

To  apply  this  formula  to  a  uio\  iuj^  column 
of  air  in  a  pi|)e.  //'  will  he  the  weij^ht  of  air 
ill  nu)tion.  A'  will  he  the  uumher  of  douhle 
reciprocations  correspotuling  to  the  revolutions 
of  the  compressor  crank,  hut  the  value  of  A' 
will  mn  he  the  crank  radius.  This  will  l)e  un- 
derstootl  from  the  fact  that,  due  to  the  intake 
pipe  heiiii^'  much  smaller  in  area  than  the  air 
cylinder,  the  air  in  this  pipe  must  travel  faster 
and  further  at  each  stroke  than  the  piston 
docs.  Suppose  the  intake  pipe  area  is  approxi- 
mately 12  per  cent.,  or  l^i.  of  the  piston  area. 
Then,  at  any  given  time,  the  air  must  he  travcl- 
iiiir  8  times  as  fast  as  the  piston  and,  in  order 
to  fill  the  cylinder,  the  requisite  air  will  have 
to  travel  8  times  as  far  in  the  pipe  as  the 
piston  does  in  the  cylinder.  In  other  words, 
the  air  pulsations  are  8  times  as  long  as  the 
piston  stroke,  and  consequently,  in  this  case 
the  value  of  R  in  the  formula  for  the  air  must 
be  8  times  the  length  of  the  compressor  crank 
arm. 

As  might  be  expected,  the  formula  shows 
that  the  inertia  force  is  proportional  to  the 
square  of  the  number  of  revolutions.  This 
means  that  the  greater  the  number  of  stops 
and  starts  in  a  given  time,  the  greater  the 
forces.  Consequently  a  relatively  short  stroke 
with  a  given  piston  speed  is  conducive  to 
heavy  forces. 

AX    EXAMPLE. 

To  take  a  specific  example :  Suppose  we 
have  a  36-inch  stroke  air  compressor,  running 
at  a  speed  of  100  revolutions  per  minute,  a 
practical  figure  for  modern,  high-speed  prac- 
tice, especially  for  direct-connected  electric 
drive  with  motor  on  compressor  shaft.  Let 
the  cylinder  be  34  inches  diameter  and  let  its 
average  net  area  be  900  square  inches.  The 
intake  pipe  area,  being  }/s  of  this,  let  its,  inside 
diameter  be  12  inches,  with  actual  area  of  113 
square  inches.  The  ratio  of  cylinder  and  pipe 
areas  then  wnll  be  8  to  i.  and  so  the  air  speed 
and  length  of  air  pulsation  will  be  8  times  as 
great  as  those  of  the  piston. 


1.(1  u^  s;i\  that  till'  uilakc  pipe  is  J^  feet 
long,  from  eiurance  at  outside  of  building  to 
cylinder;  Kl  the  lemp«-rature  of  the  air  he  ()0 
degrees  I  ahniihril.  Ai  the  instant  ot  piston 
stopjiage,  the  .lir  in  the  inmi-  end  of  the  pipe 
will  he  compn-ssed  hy  the  inertia  to  some  pres- 
sure al)o\e  the  atmosphere,  while  that  at  the 
outer  end  will  he  at nio^phrrie,  and  oiil\-  that 
in  the  middle  section  will  he,  say,  half  a  pound 
below  atmosphere.  It  then  will  he  reasonable 
to  assume  lint  the  average  pressure  of  all  the 
air  is  atmospheric  at  the  instant  of  stoppage 
and  greatest  force  and  pressure.  The  weight 
of  the  air  contained  in  the  pipe  then  must  be 
0.0764  pounds  per  cubic  foot,  and  as  the  vol- 
ume of  the  pipe  of  12  inches  inside  diameter 
and  25  feet  length  is  19.6  cubic  feet,  the  total 
weight  of  air  flowing  in  the  pipe  at  this  instant 
will  be  1.50  pounds. 

Taking  first,  the  force  at  the  head  center,  we 

have,   by  applying  the   formula   already  given 

for  a  five-crank  length  connecting  rod ; 

1.50  tt' 100' X  1-5  X  8  X  1-2 
p^ . 

900  g 
In  this  expression,  the  factor  1.5  is,  of  course, 
the  crank  circle  radius  in  feet,  and  the  factor 
8  is  the  ratio  of  C3dinder  area  to  intake  pipe 
area  and,  consequently,  the  ratio  of  air  pulsa- 
tion length  to  piston  stroke ;  so  that  the 
product  of  these  two  factors  represents  the 
imaginary  length  of  crank  arm  that  would 
produce  the  air  pulsations  occurring  in  the  in- 
take pipe.  The  factor  1.2  is  the  sum  of  the 
cosine  of  o  degrees  (unity),  the  crank  angle 
at  head  dead  center,  and  the  factor  0.2,  cal- 
culated by  Professor  Jacobus  for  the  connect- 
ing-rod length  chosen. 

The  solution  of  the  expression  given  above 
is: 

F  =  73-5  pounds. 

INERTIA    FORCES    DUE    TO    RECIPROCATION. 

This  is  the  total  pressure  exerted  in  stopping 
the  column  of  air  at  the  end  of  the  suction 
stroke  at  the  head  dead  center,  but  it  must  be 
remembered  that,  if  the  air  passage  is  con- 
tinuously of  the  same  area.  113  square  inches, 
this  pressure  will  be  distributed  over  this 
whole    area    and    so    the    pressure    per    square 

73-5 
inch  exerted  will  be  =  0.650,  or  over  5^ 


113 


of    a    pound. 
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CUMULATIVE    EFFECT. 

Just  at  this  point  we  shoiild  consider  a 
further  inertia  effect;  the  "piling  up"  and 
compressing  of  the  air  in  the  cylinder  and  the 
inner  portion  of  the  ijntake  pipe.  The  result 
of  such  an  action  would  be  to  allow  the  re- 
mainder of  the  air  in  the  pipe  to  continue  flow- 
ing and  crowding  in,  so  that  the  actual  length 
of  air  pulsation  is  greater  than  we  have  as- 
sumed. The  effect  of  increasing  this  pulsation 
length  is  to  increase  the  value  of  R  in  the 
formula,  and  thus  further  increase  the  force 
which  we  are  endeavoring  to  calculate.  The 
logic  is  that,  the  number  of  pulsations  per 
minute  remaining  the  same,  the  stopping  force 
must  be  greater  if  the  distance  traveled,  and 
consequently  the  linear  speed,  is  greater ;  also 
the  additional  air  entering  the  pipe  adds  its 
inertia  to  the  effect. 

As  this  would  tend  further  to  increase  the 
pressure,  let  us  assume  that  the  final  pressure 
would  be,  say  0.7  pound  above  atmosphere,  or 
15.4  pounds  absolute.  Now,  the  volume  of  the 
•compressing  cylinder  is  18.7  cubic  feet  and,  as 
an  estimate,  we  may  include  the  last  6  feet  of 
intake  pipe  in  this  "piling  up"  effect.  This 
gives  a  total  volume  of  23.4  cubic  feet  into 
which  the  incoming  air  is  crowded  from  an 
initial  pressure  of  14.7  to  15.4  pounds.  Then 
this  23.4  cubic  feet  of  air  will  occupy  a  space 

14.7 
of  23.4  X  =  22.3  cubic  feet,  thus  leaving 

154 
23.4  —  22.3  =  I.I  cubic  feet  of  the  last  part  of 
the  pipe  for  more  air  to  crowd  into.  With  a 
12-inch  intake  pipe  this  means  a  length  of  1.4 
feet,  and  this  length  is  to  be  added  to  the 
value  of  R,  or  imaginary  radius  of  pulsation 
wave.  As  the  old  value  of  R  was  8  X  i^  = 
12,  we  now  have  13.4  feet  for  the  more  prob- 
able value  oi  R. 

As  the  value  of   F  is   directly  proportional 
to  Rj  the  more  probable  value  of  F  now  will  be 
134 

0-650  X  =  0.726  pounds, 

12 
giving  a  final  intake  air  pressure  of  over  15.4 
pounds  per  square  inch  absolute,  which  agrees 
with  our  assumption  when  we  began  to  con- 
sider this  "piling  up"  effect.  It  is,  therefore, 
reasonable  to  assume  that  there  would  be, 
under  the  circumstances  of  this  case,  an  initial 
air   pressure    just    at    commencement    of   com- 


pression, of  0.726,  or  nearly  ^  of  a  pound 
above  atmosphere.  This  would  increase  the 
volumetric  efficiency  by  quite  5  per  cent.,  a  re- 
sult well  worth  striving  for. 

FORCES     UNEQUAL    AT     HEAD    AND    CRANK. 

At  the  crank  end  of  the  stroke,  the  force 
would  be  somewhat  less,  as  the  value  of  cos.  e 
would  be  —  I,  and  —  i  X  0.2  ==  — 0.8.  This 
would  then  make  the  pressure  at  the  crank  end 
about  0.484,  or  a  little  less  than  ^  pound 
per  square  inch  above  atmosphere,  increasing 
the  volumetric  efficiency  at  this  end  by  over 
3  per  cent.  The  average  efficiency  increase 
for  the  two  ends  then  would  range  about  4 
per  cent. 

This  condition  of  unequal  effects  at  the  two 
ends  is  borne  out  in  practice,  for  an  examina- 
tion of  the  indicator  diagrams  containing  these 
inertia  effects  invariably  shows  more  initial 
pressure  at  one  end  than  at  the  other. 

To  be  strictly  logical,  the  increased  quantity 
of  air  admitted  to  the  outer  end  of  the  pipe  by 
the  crowding  and  compressing  of  that  at  the 
inner  end,  should  be  taken  into  account.  This 
increase  was  shown  to  be  i.i  cubic  feet,  bring- 
ing the  weight  up  to  1.58  pounds.  This  would 
further  increase  the  head  end  inertia  force  to 
1.58 

X  0.726  =  0.765  pound  per  square  inch, 

1.5 
or  over  ^  of  a  pound  pressure ;  and  the  crank- 
end  force  to  0.51,  or  over  ^  pound  per  square 
inch.  This  would  tend  to  show  that  we  are 
at  least  on  the  conservative  side,  leaving  room 
for  pipe  friction  and  other  losses. 

PRACTICAL   CONSIDERATIONS. 

From  the  foregoing,  it  wt)uld  appear  that  a 
longer  intake  pipe  would  contain  more  air  in 
motion,  and  so  would  give  an  increased  inertia 
force  and  higher  volumetric  efficiency.  Double 
the  length  of  pipe  would  give  double  the 
weight  of  air ;  but,  as  before  intimated,  the 
pulsations  probably  are  modified  considerably 
at  the  end  of  so  long  a  pipe.  Another  matter 
too,  is  the  loss  of  pressure  by  friction  through 
this  long  pipe,  but  this  is  really  negligible  if 
the  air  speed  is  kept  down  around  4,800  feet 
per  minute.  As  an  example,  tables  worked  out 
in  Kent,  from  B.  F.  Sturtevant  Company's 
formulas,  show  that  the  loss  of  pressure 
through  25  feet  of  12-inch  pipe,  with  a  .speed 
of  4.800  feet  per  minute,  is  about  ^  ounce. 
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It  may  well  he  a^kitl  "\\\\\  sliouhl  tlic  pipe 
proilucc-  this  inertia  ofTcct  any  nioit-  than  if  the 
air  tlowcd  directly  from  tlie  atmosphere  into 
tile  c>lin(ler,  thus  avi>i(lin^  even  the  small  fric- 
tion of  Mow.  The  answer  is  that  the  air  in  the 
pipe  has  a  smooth  How  and  has  an  opportunity 
to  attain  the  velocity  calculated;  whereas,  if 
the  pipe  were  ahseiU,  the  atmospheric  air 
would  flow  from  all  sides  at  low  speed  and 
furthermore,  all  encr^  of  motion  would  be 
lost  in  eddying  at  entrance.  The  pipe  keeps 
the  air  llowing  straight,  swiftly  and  w^ithout 
eddying  to  any  great  extent. 

Some  persons  will  realize  that  this  force  or 
pressure  reciuired  to  stop  the  incoming  air  at 
the  end  of  the  stroke  must  be  balanced  by  an 
equal  and  opposite  inertia  force  required  to 
start  the  pulsation  at  the  beginning  of  the 
stroke.  Xo  better  evidence  of  this  can  be  de- 
sired than  the  ever  present  "hooks"  B  B,  Fig. 
I.  on  all  air-compressor  indicator  diagrams. 
Two  excuses  usually  are  given  for  these  ;  in- 
ertia of  indicator  parts  dropping  from  the 
pressure  of  discharge  to  that  of  intake,  and 
the  pressure  required  to  open  poppet  valves. 
The  first  excuse  seems  inadequate  with  a  mod- 
ern, light  indicator  and  as  to  valve  resistance, 
the  writer  has  seen  these  "hooks"  with  Corliss 
inlet  valves  open  wide  before  the  stroke 
started. 

It  will  be  well  to  add  that  an  actual  case  of 
this  kind ;  but  which,  owing  to  several  elbows 
and  a  strainer  in  the  intake  pipe,  it  was  im- 
possible to  figure  upon  intelligently ;  recently 
has  been  brought  to  the  writer's  attention, 
where  the  initial  pressure  of  the  intake  line  is 
about  il'S  pounds  above  atmosphere  at  one  end 
and  I  pound  at  the  other. 


COMPRESSED  AIR  FOR  SHAFT    SINK- 
ING IN   QUICKSAND 
By   p.    B.   McDonald. 

In  the  past  few  years  a  number  of  reinforced 
concrete  shafts  through  quicksand  and  soft 
soil  have  been  sunk  for  iron  mining  companies 
of  the  Lake  Superior  district  by  the  Founda- 
tion Co.  of  New  York.  The  Cleveland-Cliffs 
Iron  Co.,  which,  by  the  way,  has  introduced 
several  desirable  reforms  into  the  mining  busi- 
nesF.  was  among  the  first  to  recognize  the 
possibilities  of  the  compressed  air  method  for 
shaft  sinking  and  to  apply  the  proved  devices 
of  bridge  pier,  tunnel  and  building  foundation 
work    to    mining.      Their    Smith '  and    Kidder 


shafts  on  the  Swanzy  range,  sunk  in  1907  and 
1908  by  the  I'Oundation  Co.,  were  in  a  way 
innovations  to  the  mining  men  of  the  district, 
and  established  a  precedent  that  has  since 
spread  to  the  Marquette,  Menominee,  Mesaba, 
Vermillion   and   Cuyuna   ranges. 

In  principle  the  method  is  as  follows:  A  ver- 
tical, hollow  cylinder  of  concrete  is  construct- 
ed on  the  surface  with  a  steel  shoe  on  the 
l)ointe(l.  cutting  edge.  The  earth  is  excavated 
from  the  inside  and  the  caisson  sinks  of  its 
own  weight.  It  is  kept  plumb  by  digging  out 
under  the  high  side.  More  concrete  is  added 
at  the  surface  in  5-ft.  sections  and  the  sinking 
goes  on  until  ledge  is  struck,  when  the  steel 
shoe  is  sealed  to  the  solid  rock  so  as  to  make  a 
tight  joint.  In  going  through  quicksand  air 
locks  arc  put  on  the  top,  and  compdessed  air 
is  forced  into  the  caisson  to  hold  back  the  sand 
and  water,  which  would  otherwise  fill  the 
shaft. 

First  taking  up  the  process  in  ordinary  soft 
ground  w-here  compressed  air  is  not  necessary,^ 
it  is  recalled  that  the  method  is  by  no  means  a 
new  one,  but  has  been  used  considerably  in 
Germany,  where  the  caissons  were  constructed 
of  stone  or  brick.  But  neither  of  these  ma- 
terials can  be  compared  to  concrete,  which 
combines  weight  with  strength  to  form  an  al- 
most ideal  material. 

In  shape  the  caisson  may  be  rectangular,, 
eliptical  or  circular.  The  type  which  is  used 
in  the  iron  country  is  circular  on  the  outside 
and  may  be  circular  or  rectangular  inside ; 
the  sketch  shows  the  latter  case.  In  the 
caisson,  circular  both  inside  and  out,  the 
thickness  varies  from  the  bottom  up.  In  other 
words,  with  the  pressure.  Thus  one  shaft  was 
made  3  ft.  thick  at  the  bottom  and  i  ft.  6  in. 
at  the  top. 

A  clam  shell,  or  a  regulation  contractor's 
derrick,  is  used  in  the  excavation  when  there 
is  enough  water  to  make  the  ground  safe,  and 
water  up  to  this  limit  is  desirable.  However,, 
much  of  the  excavation  has  to  be  done  by- 
men  shovelling  into  a  bucket,  especially  where 
boulders  interfere  with  the  equal  sinking  of  the 
caisson.  It  is  sometimes  necessary  to  apply^ 
additional  weight  to  sink  the  structure,  and 
wet  sand  and  pig  iron  have  been  used  for  this 
purpose.  Blasting  is  sometimes  resorted  to, 
even  when  the  compressed  air  is  on,  and  not 
uncommonly  the  ledge  dips  at  such  an  angle 
that  it  is  necessary  to  blast  it  dowm  to  a  level 
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surface  in  order  to  properly  seal  the  caisson. 
Or,  if  the  rock  is  oxidized  and  crumbly  at  the 
surface,  it  has  to  be  broken  down  to  a  solid 
foundation. 

The  steel  shoe  is  made  in  four  sections  of 
90  degrees  each,  which  are  riveted  together 
on  the  ground.  The  sides  of  the  shoe  are  ^ 
in.  steel  plate,  and  they  are  held  together  by 
cross  pieces  of  ^  in.  web  plates  placed  about 
4  ft.  apart  all  around  the  circle.  The  shoe  is 
left  open  at  the  top  and  concrete  is  filled  into 
it. 

The  concrete  is  built  up  in  5  ft.  sections. 
The  outside  forms  are  curved  steel  plates  in 
sections  of  90  degrees ;  the  inside  form  is  a 
wooden  frame  that  is  carried  up  as  the  caisson 
sinks,  or  the  inside  forms  may  be  steel  al^o. 

When  compressed  air  is  used  the "  problem 


becomes  more  complicated  and  more  costly. 
A  heavy  deck  of  timber  or  steel  is  fitted  into 
a  recess  in  the  wall  and  is  calked  tight.  Two 
apertures  are  left  in  the  deck,  over  each  of 
which  a  steel  cylinder  .about  4  ft.  in  diameter 
is  placed.  One  cylinder  is  a  man  lock  and  the 
other  is  an  excavation  lock,  through  which  the 
dirt  is  hoisted  out.  The  deck  may  also  admit 
an  air  pipe  for  blowing  air  into  the  shaft,  and 
a  blow  pipe  through  which  a  mixture  of  sand, 
water  and  air  is  blown  out  by  the  pressure 
inside,   thus   assisting  the   excavating   work. 

The  doors  of  the  excavation  lock  are  con- 
trolled from  the  outside.  After  the  bucket  has 
been  pulled  through  them  they  are  closed  and 
the  bucket  is  hoisted,  carrying  the  cover  of  the 
lock  with  it  on  a  buffer.  When  the  buffer  is 
lowered  again  the  top  is  bolted  back  into  place, 


6036 


CC)MI'RI-:SSICD   AIR   MAGAZINE. 


the  ilcn)rs  arc  opriKd  ami  the  upiiatietn  begins 
again.     A  stutVing  box  on  tlu-  cover  at  tlu-  rt)pc 
iiolc  keeps  tlu-  air  fri>ni  escaping. 

Tile  man  lock,  in  addition  tt>  the  two  doors, 
has  two  J  in.  air  passages  controlletl  by  valves 
to  gradually  change  the  pressure  in  the  steel 
cylinder.  The  lower  tloor  and  the  2  in.  air 
passage  are  closed  when  men  are  admitted  to 
the  cylinder;  then  the  upper  door  and  the 
upper  J  in.  air  passage  are  closed  and  the 
lower  air  passage  is  slowly  opened  so  that  the 
pressure  gradually  rises  to  that  in  the  caisson, 
when  the  men  are  allowed  to  climb  down  be- 
low. The  process  is  reversed  when  the  men 
are  coming  out. 

This  locking  through  of  the  men  is  time- 
taking  and  cannot  be  hurried.  If  sufficient 
time  is  not  taken  to  accustom  the  ear  drum  to 
the  pressure  while  going  in  the  head  rings 
with  an  almost  unbearable  pain.  In  coming 
out,  if  the  meni  do  not  remain  long  enough  in 
the  lock  they  are  seized  with  the  "bends,"  a 
paralysis  of  the  body  and  limbs  that  sends 
them  shrieking  to  the  "hospital"  lock.  This  is 
a  large  steel  cylinder,  some  20  ft.  long  by  7  ft. 
in  diameter,  in  which  a  high  air  pressure  is 
maintained;  when  the  men  are  inside  this  a 
small  valve  is  opened  and  the  pressure  is  al- 
lowed to  fall  very  slowly  until  it  becomes 
normal. 

Five  hundred  dollars  per  foot  is  not  an  ex- 
orbitant cost  for  sinking  through  quicksand 
for  the  large  sized  shafts  put  down  in  the 
Lake  Superior  region. — Mining  Science. 


BOTTLE  MAKING  MACHINES 

Mr.  Leonard  A.  Kupferberg  recently  read 
before  the  Junior  Institution  of  Engineers  an 
interesting  paper  upon  the  Manufacture  of 
Glass  Bottles.  Although  machines  for  this 
purpose  have  been  the  subject  of  many  in- 
ventions, it  is  only  quite  recently  that  they 
have  been  so  perfected  as  to  enable  them  to 
compete   with   manual   labor. 

The  principle  of  all  the  machines  so  far  in- 
vented is  to  cast  a  stick  or  bar  in  a  mold,  one 
end  of  which  forms  the  mouthpiece  of  the 
bottle.  A  punch  or  pin  is  inserted  through  the 
mouthpiece  part  of  the  mold,  thus  partly  hol- 
lowing the  bar.  The  mold  is  then  removed ; 
a  second  one,  with  the  full  shape  of  the  bot- 
tle, takes  its  place,  and  the  tube  is  inflated 
into  the  desired  shape.  The  glass,  in  most 
of  the  machines  mentioned,   is  filled   into  the 


tube-mold  In   manna!  labor,  that  is  to  say  with 
a  scoop. 

Cast  iron  is  usually  the  material  from  which 
the  molds  are  made.  The  bottles  supply 
enough  heat  to  the  molds  to  prevent  their 
being  cooled  too  (|uickly.  The  pressure  rc- 
([uired  in  bottle  machines  varies,  according 
to  the  glass  used,  from  10  to  30  lbs.,  per  sq. 
in. 

By  far  the  most  ingenious  is  the  Owens' 
machine,  having  six  sets  of  molds  fixed  to  a 
frame  revolving  on  a  vertical  axis.  A  small 
ante-chamber,  the  base  of  which  is  formed  by 
a  revolving  fire-proof  clay  tub,  is  attached  to 
the  furnace.  The  latter  supplies  the  revolving 
tub  with  glass,  the  object  of  its  motion  being 
to  constantly  supply  new  glass  to  the  ma- 
chine. 

Separate  burners  are  arranged  round  the 
chamber  for  the  purpose  of  maintaining  the 
temperature  of  the  glass  in  the  tub.  On  one 
side  of  the  chamber  the  tub  projects  several 
inches,  and  into  this  the  end  of  each  one  of 
the  tube  molds  is  dipped,  and  is  there  filled 
by  suction.  During  the  revolution  of  the 
frame  the  various  stages  of  formation  (the  re- 
placement of  the  molds,  the  inflation,  etc.) 
are  gone  through,  and  shortly  before  a  mold 
re-arrives  at  the  tub,  it  opens  and  deposits 
its  bottle,  bottom  upwards,  into  a  funnel,, 
through  which  the  bottle  slides  to  a  small  stove 
for  the  so-called  "fire-finish."  In  the  stove,, 
it  is  exposed  to  a  high  temperature,  which 
brings  the  glass  near  the  melting-point,  there- 
by removing  any  tension  in  the  neck  or  mouth- 
piece caused  by  the  insertion  of  the  cold  pin- 
in  the  beginning  of  its  formation.  Six  sets 
of  molds  are  fixed  to  the  revolving  frame,, 
each  revolution  of  the  latter  therefore  pro- 
ducing six  bottles.  On  leaving  the  "fire-fin- 
ish" stove  the  bottles  are  placed  in  the  an- 
nealing   stove. 

The  Owens'  machine  turns  out  14,000  to  16,- 
000  bottles  per  24  hours.  Twelve  of  these 
machines  are  now  in  satisfactory  use  in  Eu- 
rope. 

Inflating  hand-made  bottles  by  mechanically 
compressed  air  has  frequently  been  tried,  but 
always  with  indifferent  success.  The  even  dis- 
tribution of  the  glass  in  the  walls  of  the  bot- 
tle largely  depends  on  the  pressure  used,  and 
this  can  be  adjusted  evenly  by  the  lungs,  but 
not  so  by  the  means  of  mechanically  com- 
pressed air. 
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TURBO   AUXILIARIES    TO    PISTON 
COMPRESSORS 

As  works  and  industrial  establishments  grow 
in  size,  it  is  often  a  very  difficult  matter  to 
know  what  it  is  best  to  do  in  order  to  keep  the 
plant  up  to  the  capacity  that  will  adequately 
fulfil  the  demands  which  are  made  upon  it.  In 
the  early  days  of  an  establishment  the  power 
may  have  been  ample,  but  with  the  passage  of 
time  it  is  gradually  borne  in  upon  the  minds 
of  the  owners  that  something  will  have  to  be 
done  if  their  output  is  not  to  be  very  seriously 
handicapped.  There  are  more  ways  than  one 
of  doing  this,  and  probably  tw^o  of  the  ways 
are  to  erect  entirely  new  plants,  and  do  away 
with  the  old  plant  wdien  the  new  is  ready  for 
work,  or  to  add  new  plant  to  the  old,  so  that, 
when  run  together,  the  latter  may  receive  the 
help  it  requires.  The  cost  of  either  of  these 
methods  is  often  much  more  than  would  have 
been  the  case  had  the  additional  power  been 
installed  at  first,  and  the  decision  as  to  which 
ofi^ers  the  more  favorable  prospect  for  the  fu- 
ture is  one  that  frequently  requires  no  little 
experience,  because  many  other  things  than 
actual  first  cost  may  have  to  be  considered. 

A  case  of  the  kind  recently  arose  at  an 
English  colliery,  where,  in  order  to  meet  the 
increased  demand  for  air,  ei'ther  the  existing 
piston-compressor  plant — a  cross-compound  en- 
gine with  cylinders  28  in.  and  50  in.  diameter, 
by  60  in.  stroke,  driving  duplex  air  cylinders  of 
33  in.  diameter,  running  up  to  from  30  to  35 
revolutions  per  minute  as  a  maximum — could 
be  augmented  by  a  similar  ^et,  or,  with  a  view 
of  increased  efficienc}'-  on  the  air  cylinders,  by 
the  installation  of  a  compound  two-stage  com- 
pressor, or  finally  by  the  adoption  of  a  turbo- 
compn  ssor  set  receiving  its  driving  energy 
from  the  exhaust  (at  about  atmospheric  pres- 
sure) of  the  low  pressure  steam  cylinder.  Here 
the  plan  contemplated  was  that  the  turbo-com- 
pressor should  pass  its  discharge  through  an 
inter-cooler  into  the  existing  air  cylinders.  It 
was  found  that  the  cost  of  the  second  complete 
piston  compressor  would  very  much  exceed  the 
first  cost  of  the  turbo-compressor  installation, 
and  it  would  also  require  much  more  floor 
space ;  moreover,  a  gain  of  efficiency  could  be 
obtained  only  with  the  new  piston  compressor 
plant,  whereas  the  turbo-compressor  would  im- 
prove the  working  efficiency  over  the  whole 
combined  capacity.  For  these  reasons,  there- 
fore, it  was  decided  to  install  the  turbo-com- 


pressor. The  results  have  fully  justified  this 
decision,  a  gain  of  about  17  per  cent,  over  what 
would  have  been  secured  from  a  second  piston 
compressor  having  been  obtained. 

The  turbo-compressor  is  of  the  Rateau  type, 
and  was  subjected  to  tests  which  proved  that 
the  guarantees  were  fully  realized,  easily  de- 
livering from  6,000  to  7,000  cubic  feet  of  free 
air  per  minute  "at  12.8  lb.  gage.  The  steam 
consumption  claimed  for  the  turbine  also  was 
established.  The  flexibility  of  the  plant  was 
particularly  noteworthy,  as  outputs  up  to  12,000 
cu.  ft.  per  min.,  and  pressures  up  to  16  lb. 
were  easily  realized. 

When  running  the  existing  piston  compres- 
sor at  the  normal  speed  of  30  revolutions  per 
minute,  taking  in  air  at  atmospheric  pressure 
and  temperature,  the  maximum  volume  dis- 
charged at  60  lb.  was  3,000  cu.  ft.  of  free  air 
per  minute,  while  with  the  addition  of  the 
turbo-compressor  set,  with  the  piston  compres- 
sor at  the  same  speed  as  before,  an  increase  in 
the  free  air  capacity  of  over  100  per  cent,  was 
obtained,  and  the  total  efficiency  both  of  the 
air  and  of  the  steam  was  greatly  improved. 

The  low  pressure  steam  cylinder  of  the  ex- 
isting duplex  piston  compressor  now  dis- 
charges into  a  large  steam  receiver — an  old 
boiler  shell  with  automatic  relief  valve  ar- 
ranged to  prevent  undue  accumulation  of  pres- 
sure. From  this  the  steam  passes  through  the 
exhaust  steam  turbine  to  the  condenser  ar- 
ranged underneath  the  turbine  exhaust  branch. 
The  turbine  is  absolutely  under  the  control  of 
the  reciprocating  compressor,  as  a  demand  for 
more  work  from  the  plant  requires  more  steam 
from  the  duplex  compressor,  and  provides  the 
turbine  with  the  necessary  steam  for  the  re- 
quired air  capacity  or  pressure. 

The  Rateau  turbine  is  of  the  multicellular 
type,  the  cyHnder  of  which  is  divided  into  a 
number  of  compartments,  in  each  of  which  are 
fixed  the  distributing  vanes.  It  is  of  the  "Ac- 
tion" type,  the  fall  of  pressure  taking  place  in 
the  distributors  only,  the  expansion  being  util- 
ized to  create  kinetic  energy.  As  the  pressure 
is  the  same  on  both  sides  of  the  moving  wheels, 
balancing  pistons  are  not  required  as  in  "re- 
action" turbines,  where  the  fall  of  pressure 
takes  place  partly  in  the  moving  wheels.  A 
Rateau  type  of  centrifugal  multi-stage  blower 
is  also  used.  Diaphrams  are  placed  between 
the  wheels  and  take  the  air  at  the  outlet  of 
each   wheel   and   lead   it   through   channels   of 
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special  shape  into  the  eve  of  the  next  wheel 
after  havini;  transformed  the  vel(HMt>  head  into 
pressure  head. 

I'roin  tlie  \er\  satisfactory  resuUs  }4i\in  hy 
this  instaUation  it  is  hcheved  that  there  will  he 
a  wide  field  for  the  application  of  turho-coni- 
press(irs  hoth  for  increasiii)^  the  ontput  of  ex- 
isting plants  and  materially  augmenting  the 
eeononiN.  It  is  also  expected  that  they  will 
prove  ver\  snitahle  for  separate  new  plants, 
owing  to  the  wide  range  of  capacity  and  pres- 
sure that  they  possess,  in  addition  to  their 
high  efhciency. 


BACTERIA 

Many  seem  to  regard  germs  as  minute  ani- 
mals, others  seem  to  consider  them  insects, 
and  therefore  often  confuse  the  scope  of  bac- 
teriology with  that  of  entomology.  Bacteria 
are  really  microscopical  plants — they  are  the 
smallest  of  all  living  things.  Indeed  they  are 
so  minute  that  it  is  almost  beyond  our  concep- 
tion to  think  of  life  existing  in  such  minute 
objects.  The  unit  used  in  measuring  bacteria 
is  known  as  the  micron,  which  is  equal  to 
T  :25.ooo  of  an  inch.  The  average  diameter  of 
bacteria  is  about  one  micron.  It  would  require 
therefore  25.000  bacteria  of  the  average  dimen- 
sions placed  side  by  side  to  measure  an  inch, 
or  it  would  require  about  2,000  of  these  to 
cover  the  point  of  a  pin,  or  about  200,000  to 
completely  cover  it.  In  shape  bacteria  are  of 
three  general  types — spherical,  vod  shape,  and 
spiral  form,  and  are  accordingly  divided  into 
three  general  classes,  know-n  as  coccaceae, 
spirrillacae,  and  bacillacae.  Bacteria  can  be 
found  almost  everywhere  in  nature.  As  a  gen- 
eral rule  their  function  may  be  termed  analyti- 
cal, that  is  they  are  continually  breaking  down 
the  higher  forms  into  simpler  forms  of  life. 
In  the  soil  they  liberate  plant  food  from  its 
unavailable  state  of  highly  complex  matter 
and  render  it  assimilable  to  the  plants.  They 
multiply  by  division,  w^hich  under  favorable 
conditions  may  take  place  every  quarter  of  an 
hour.  The  parent  cell,  dividing  once  every  hour 
which  is  not  an  exceptional  case — would  under 
favorable  conditions  produce  a  progeny  of 
17.000,000  bacteria  in  24  hours.  From  this  it 
will  be  noted  that  in  the  bright  lexicon  of  bac- 
teria there  is  no  such  word  as  race  suicide. 
Happily  for  man  in  his  fight  against  harmful 
bacteria  conditions  are  not  often  such  in  na- 
ture as  to  allow  for  this  theoretical  progeny. 


DECOMPRESSION    FOR    COMPRESSED 
AIR  WORKERS 

A    valuable   paper  on   Caisson   Sickness   was 
read  recently  before  the  Royal  Society  of  Arts 
hy  Mr.  Leonard  Erskine  Hill,  1*'.  R.  S.,  and  the 
paper    has    been    carefully    abstracted    by    the 
Jiii^inrrr,      London.        Our     readers     will     be 
aware,  it  says,  that  it  has  been  recognized  for 
a  long  time  now  that  the  troubles  experienced 
by  men  working  under  pressure  are  due  to  the 
fact   that    nitrogen   is   dissolved   in   the  tissues 
of    the    body.       When    decompression    occurs 
suddenly,  or  more  or  less  quickly,  this  nitro- 
gen   cannot    escape    sufficiently    quickly,    and 
bubbles    of    it    make    their    appearance    in    the 
blood  and  interfere  with  the  circulation.     We 
need  only  quote  one  form  of  disease  produced 
as  an  example.  The  paralysis  known  as*  diver's 
palsy  is  due  to  a  local  death  and  degeneration 
of  the   spinal   cord   brought  on  by  bubbles   of 
nitrogen   blocking  the   circulation   there.     The 
question    has    been    well    studied   both    in    this 
country   and   abroad,   and  it  was   early   recog- 
nized  that   the   harm    did   not   lie    in   actually 
being  submitted  to  pressures  higher  than  that 
of  the  atmosphere,  but  in  this  pressure  being 
too  suddenly  relieved.  Accordingly  it  has  been 
customary    in    diving    .and    other    operations 
necessitating  the  use  of  high  pressures  to  ar- 
range for  a  graduated  rate  of  decompression 
varying    with    the    pressure    employed.      In    a 
book  on  the  subject  published  in  Germany  in 
1900,     Messrs.     Von     Schrotter,'    Heller     and 
Mager  laid  down  the  principle  that  a  uniform 
decompression   rate   of  two  minutes    for   each 
.1  of  an  atmosphere;  or,  in  other  words,  twen- 
ty minutes  for  each   15  lb.  pressure  was  safe. 
They    based    the    calculations    by    which    they 
arrived  at  this  conclusion  on  the  law  of  sat- 
uration  and  desaturation   of  the  body,   which 
had  been  enunciated  by  Zuntz.     Up  till  com- 
paratively recently  the  whole  idea  has  been  to 
decompress    slowly   but    continuously,    and    in 
cases   of  high  pressure   the  period  of  decom- 
pression   has   necessarily   been   lengthy.     In    a 
lecture  which   Mr.   Hill  gave  at  the   Olympia 
Exhibition  in  October,  1907,  he  expressed  him- 
self  as   believing   in   steady   and   uniform   de- 
compression.    In   his   recent   paper   he   shows 
that   he   has    reason   to   believe   that   what   is 
known   as   stage   or   step   decompression   is   to 
all  intents  and  purposes  as  good  and  as  little 
injurious,   and,   moreover,   that   it   saves   time. 
It  was,  we  believe.  Dr.  John  Haldane  who 
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first  advocated  step  decompression.*  He  pro- 
posed that  supposing  a  diver  were  working 
under  a  pressure  of.  six  atmospheres,  in  de- 
compression he  should  be  quickly  brought  up 
to  a  point  where  the  pressure  was  only  from 
i>^  to  2  atmospheres;  that  he  should  remain 
there  from  thirty  to  sixty  minutes  and  then  be 
brought  quickly  to  the  surface.  The  idea  was 
not  immediately  universally  adopted ;  indeed, 
there  are  doubtless  many  who  still  adhere  to 
the  principle  of  gradual  but  continuous  de- 
compression. 

By  no  means  the  least  valuable  portion  of 
Mr.  Hill's  present  paper  is  that  which  is  de- 
voted to  the  numerous  experiments  which  he, 
in  collaboration  with  others,  have  carried  out 
regarding  the  effects  on  the  human  body  of 
various  methods  of  decompression.  It  would 
be  impossible  with  the  space  at  our  command 
to  go  in  detail  into  these  experiments.  They 
were,  however,  evidently  carried  out  with 
great  care,  and  by  means  of  an  old  steel  boiler 
with  a  cubic  capacity  of  42.2  cubic  feet.  In 
this  cither  Mr.  Hill  or  his  co-worker,  Mr.  M. 
Greenwood,  were  exposed  many  times  to  pres- 
sures exceeding  +  60  lb.,  four  times  to  +  75 
lb.,  and  on  one  occasion  Mr.  Greenwood  un- 
derwent a  pressure  of  -{-92  lb. — this,  we  may 
mention,  being  equivalent  to  immersion  in 
water  to  a  depth  of  over  210  ft.  They  inves- 
tigated the  effect  of  various  methods  of  de- 
compression by  analyses  of  urine  passed  under 
different  pressures  and  circumstances,  argu- 
ing that  when  the  kidney  is  actively'  secreting, 
the  saturation  of  the  urine  with  nitrogen  gas 
must  approximate  to  that  of  the  arterial  blood. 
They  also  experimented  with  various  animals, 
including  goats  and  pigs. 

The  conclusions  which  they  reached  were, 
first,  that  it  is  safe  for  a  man  to  be  rapidly 
decompressed  after  exposure  to  about  -|-  18 
lb. ;  this,  it  may  be  added,  is  the  general  ex- 
perience in  caisson  working.  Then  the  inves- 
tigations led  to  the  opinion  that  a  stage  at  -}- 
8  lb.  lasting  fifteen  minutes  is  enough  after  a 
shift  at  +  30  lb.,  and  a  stage  of  thirty  minutes 
at  +  15  lb.  after  a  shift  at  -f  40  lb.  to  -f  45  lb., 
provided  a  medical  lock  for  recompression  is 
at  hand.  Recompression  in  case  of  adverse 
symptoms  after  too  rapid  decompression  was 
found  to  be  of  much  value ;  but  evidently  Mr. 
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Hill  thinks  that  expert  medical  advice  should 
be  available  in  any  works  where  high  pressures 
are  employed. 

The  final  opinion  at  which  Mr.  Hill  appears 
to  have  arrived  is  that  whereas  decompression 
times  are  often  too  short,  those  tabulated  by 
the  Admiralty  Committee  are  unnecessarily 
long,  particularly  if  the  men  are  persuaded  to 
exercise  their  bodies  during  decompression. 
This  committee,  by  means  of  experiments  on 
goats,  found  a  great  superiority  of  the  stage 
over  the  uniform  method  of  twenty  minutes 
per  atmosphere,  and  drew  up  a  set  of  tables 
which  give  times  of  decompression  with  a 
great  appearance  of  exactitude.  The  tables 
were,  however,  based  on  theoretical  assump- 
tions as  to  circulation  time,  volume  of  blood, 
and  desaturation  of  the  blood  in  its  passage 
through  the  lungs.  Mr.  Hill  points  out  that 
as  bodily  activity  has  a  most  potent  effect  on 
the  circulation,  increasing  the  rate  perhaps  six 
or  ten  times,  and  converting  "slow"  parts  into 
"quick"'  parts  it  seems  clear  that  these  tables 
have  only  a  limited  accuracy.  Moreover,  he 
asserts  that  the  statement  that  the  blood  is 
desaturated  in  its  passage  through  the  lung  re- 
quires proof.  Hence,  having  personally  found 
the  benefit  of  bodily  exercise  during  decom- 
pression he  advocates  it  most  strongly,  aver- 
ring that  not  only  may  decompression  time  be 
reduced  by  its  means,  but  that  the  chances  of 
harmful  consequences  are  reduced.  If,  for  ex- 
ample, men  coming  out  of  a  caisson  could  be 
made  to  climb  up  to  the  top  of  the  shaft  and 
down  again  during  the  time  they  are  waiting 
for  the  end  of  the  stage  it  would  greatly  in- 
crease their  safety.  Experiments  made  with 
the  breathing  of  oxygen  immediately  prior  to 
decompression  have  indicated  that  such  a  pro- 
ceeding would  also  tend  in  the  direction  of 
protecting  the  workmen  from  ill  effects,  es- 
pecially if  bodily  exercise  be  indulged  in  dur- 
ing the  compression.  With  the  two  combined 
Mr.  Hill  thinks  the  time  of  decompression 
might  be  shortened.  Further  investigations^ 
however,  are  necessary  before  it  can  be  deter- 
mined by  how  much  the  time  may  be  safely 
shortened. 

The  work  of  Mr.  Hill  and  his  confreres  has 
undoubtedly  carried  our  knowledge  of  the  sub- 
ject further  than  it  was,  and  it  is  now  pretty 
clearly  known  under  what  conditions  men  may 
work  with  safety  under  high  pressures.  The 
great  thing  is  to  see  that  they  conform  to  the 
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necessary  regulalit)ns,  wliicli  tlicy  arc  by  no 
means  always  ready  to  do.  This  is  under- 
standal)le.  They  are  naluralls  an\it)us  to  1)*' 
free  after  a  spell  of  work.  Much  of  tlie  sick 
ncss  experienced  in  the  past  has  been  due  to 
■wilful  disregard  of  rej^ulations.  Anything, 
therefore,  that  c.mi  be  discovered  which  will 
reduce  the  time  necessary  for  decompression 
witlKHit  increasing  the  risk  must  be  beneficial, 
for  the  less  time  the  men  h;i\e  to  spend  while 
the  pressure  is  being  removed  the  less  likely 
are  they   to  infringe  the  rules. 


GAS    CURE    FOR  WHOOPING  COUGH 

A  Los  Angeles,  Cal.,  newspaper  item  states 
that  from  twenty  to  two  hundred  persons  af- 
flicted with  whooping  cough  and  similar  throat 
troubles  crowd  into  the  purifier  house  of  the 
local  gas  company  every  day  and  that  two 
thousand  cures  have  thus  far  been  recorded. 
There  was  an  epidemic  of  coughing  in  that 
city  last  month,  and  right  valiantly  the  gas 
company  came  to  the  rescue  and  threw  open 
its  doors  to  the  afflicted.  The  writer  of  the 
item  attributes  the  cures  to  "naphthaline 
fumes."  and  thus  explains  their  origin :  "The 
naphthaline  is  a  by-product  of  the  oxides  of 
iron  used  to  divert  the  sulphur  from  the  gas." 
A  sign  might  be  hung  over  the  door  bearing 
the  name  "bronchial  and  pulmonary  dispen- 
sary." Those  who  "cough  up"  at  the  cashier's 
window  in  such  agony  might  be  sent  to  the 
^'dispensary"  to  recuperate.  Thus  the  querulous, 
the  asthmatic  and  whooper  shall  gather  to- 
gether for  the  gas  man  to  bestow  upon  them 
his    blessing. — Progressive    Age. 


FROZEN    DYNAMITE 

Frozen  dynamite  is  the  subject  of  grave  sus- 
picion among  most  engineers,  yet  experts  hold 
that  it  is  far  less  sensitive  than  unfrozen  dy- 
namite. In  order  to  prove  this,  Dr.  Walter  G. 
Hudson  and  Mr.  E.  J.  Riederer,  the  latter 
superintendent  of  the  Du  Pont  works  at  Lake 
Hopatcong,  conducted  some  experiments  on 
Feb.  24  that  are  decidedly  interesting.  They 
"were  made  with  a  particularly  sensitive  grade 
of  60  per  cent,  gelatine  dynamite  and  also  with 
some  straight  dynamite,  A  number  of  these 
sticks  were  used  as  targets  for  bullets  from  a 
Krag-Jorgensen  Government  rifle,  loaded  for 
a  velocity  of  2150  ft.  and  fired  at  a  distance  of 


50  ft.  from  the  dynamiti-.  The  bullets  dis- 
charged in  this  way  falK-d  in  every  case  to  ex- 
plode the  sticks  of  frozen,  straight  and  gela- 
tine d\namite.  Other  frozen  sticks  were  then 
thawed  and  used  as  targets  in  precisely  the 
same  way.  In  every  case  the  bullets  detonated 
them,  thus  showing  the  decreased  sensitiveness 
due  to  freezing.  The  same  thing  was  shown 
in  another  way  by  using  thawed  sticks  which 
were  broken  in  tw(».  If  a  cap  with  30  gr.  of 
fulminate  of  mercury  was  attached  to  half  of 
a  thawed  stick  and  the  other  half  was  placed 
8  in.  from  it,  the  latter  would  be  exploded 
when  the  former  was  fired.  If,  however,  a 
whole  stick  of  frozen  dynamite  was  placed  8 
in.  from  a  half  stick  of  thawed  dynamite  and 
the  latter  was  fired  the  frozen  stick  remained 
unafifccted.  In  fact  it  was  not  until  the  frozen 
material  was  placed  within  i  in.  of  the  piece 
fired  by  the  cap  that  it  could  be  exploded. 
When  sticks  of  frozen  and  of  thawed  dynamite 
were  blown  into  the  air  with  black  powder  it 
was  found  that  the  former  took  about  three 
times  as  long  to  burn  as  the  latter.  Tests  of 
this  character  seem  to  prove  that  frozen  dyna- 
mite is  not  sensitive,  yet  even  when  it  has  been 
benumbed  by  the  cold  it  should  be  handled 
with  great  care.  It  is  best  not  to  become 
familiar  and  careless  with  anything  of  such  a 
violent  temperament. 


EXCESS    CHANGES  CONDITIONS 

In  fast  steamers  resistance  does  not  increase 
with  the  cube  of  the  speed,  and  there  are  cer- 
tain higher  critical  speeds  at  which  resistance 
is  less.  Nearly  100  years  ago  in  England  a 
man  running  express  passenger  canal  boats 
had  them  towed  by  galloping  horses  at  a  speed 
of  nearly,  14  miles  an  hour,  claiming  this  was 
easier  than  a  slower  speed.  He  was  ridiculed 
by  scientists  who  opposed  the  law  of  cubic  in- 
crease of  resistance.  A  bet  was  made,  dynamo- 
meters attached,  and  up  to  8  miles  the  law  held 
good;  but  above  8  miles  the  canal  boat  began 
to  climb  out  of  the  water,  so  that  at  14  miles 
the  actual  resistance  was  small.  This  was  the 
origin  of  the  hydroplane  boat.  A  wise  Kansas 
mare  hitched  to  a  plow,  if  it  pulled  heavily, 
would  look  back,  take  in  the  situation,  and  in- 
crease her  speed.  The  plow  immediately  pulled 
easier  because  the  greater  speed  flung  the 
clinging  earth  free  of  the  mold  board,  thus 
greatly  lessening  friction. — Harrington  Emer- 
son. 
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'  A  -  Deflector. 
B-V2-\n.  Screen. 
C  -  Baffle. 
D  -  Hand  Hole. 
E-  Supply  Launder 
F-  Air  Supply. 
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AIR  LIFT  FOR  TRANSPORTING  SAND 

An  application  of  the  Pohle  air  lift  to  rais- 
ing and  transporting  the  sand  from  cyanide 
tanks  was  recently  made  at  Burbanks  Main 
Lode  mine  in  West  Australia.  The  sand  had 
to  be  carried  across  a  public  road,  requiring 
a  lift  of  23  ft.  3  in.  It  was  decided  that  a 
submergence  of  63  per  cent,  of  the  total  length 
of  water  pipe  was  required,  which  in  a  single- 
stage  lift  would  have  required  a  pit  39  ft,  6  in. 
deep.  For  this  reason  a  two-stage  lift  was 
adopted,  reducing  the  depth  of  pit  required  to 
15  ft.  6  in. 

The  air  supply  for  each  lift  is  regulated  by 
floats,  so  that  a  nearly  constant  level  is  main- 
tained in  each  head  box,  and  no  air  is  blown 
to  waste.  The  two  lifts  combined  use  47  cu. 
ft.  per  min.  of  air;  discharge  320  lb.  sand  per 
min.,  and  require  800  lb.  water  per  minute. 
This  means  6.8  lb.  sand  are  discharged  per 
cu.  ft.  of  air.  The  air  used  was  drawn  from 
a  large  receiver.  In  testing  the  air  lift,  this 
receiver  was  filled  to  a  gage  pressure  of  70 
lb.  per  sq.  in.,  and  was  then  shut  off  from 
the  compressor,  and  the  fall  in  pressure  in  a 


given  time  noted.  During  this  time  no  air  was 
drawn  from  the  receiver  for  any  other  pur- 
pose. Mine  water  was  used  for  sluicing,  and 
the  amount  available  was  only  little  more 
than  sufficient  to  carry  away  (along  a  V- 
shaped  launder  having  a  fall  of  ^  in.  per  ft.) 
as  much  sand  .as  one  man  could  shovel  into  the 
discharge  door  of  the  vat.  The  sand  is  heavy, 
and  rapid  motion  is  necessary  throughout  to 
prevent  it  settling;  the  proportion  of  water  to 
sand  is  about  2^  to  i. 

SAND    FORMERLY    SHOVELED 

Before  the  air  lift  was  put  in,  it  was  the 
practice  to  shovel  the  sand  through  the  bot- 
tom discharge  doors  into  trucks ;  with  the  air 
lift  one  man  empties  the  vat  in  considerably 
less  time  than  two  did  with  the  trucks,  no  time 
having  to  be  lost  in  changing  and  waiting  for 
trucks.  The  vats  hold  30  long  tons  and,  with 
one  man  shoveling,  they  are  emptied  in  3^4 
hours,  using  45  to  47  cu.  ft.  of  free  air  per 
minute.  Each  discharge  door  has  a  4-in. 
socket  screwed  into  it,  and  the  door  is  never 
removed.  From  the  bottom,  of  the  socket  a 
pipe  leads  down  vertically  with  an  elbow  just 
above  the  launder ;  inside  the  vat  a  pipe 
is  screwed  into  the  top  of  the  socket 
long  enough  to  reach  above  the  top 
edge  of  the  vat.  To  discharge  the  vat  the 
pipe  projecting  through  the  sand  is  unscrewed 
and  pulled  out,  leaving  a  convenient  hole 
through  which  to  start  sluicing.  To  avoid  the 
risk  of  having  more  sand  sluiced  into  the 
launder  than  the  water  is  able  to  carry  along, 
from  25  to  30  per  cent,  of  the  total  added  wa- 
ter is  supplied  to  the  highest  end  of  the  laun- 
der  running   under   the   discharge   doors. 

Both  sections  of  the  lift  are  of  the  same  di- 
mensions, except  in  hight,  and  consist  of  a 
6-in.  cast-iron  pipe  (which  constitutes  the 
well)  with  a  3-in.  wrought-iron  pipe  inside, 
extending  from  within  four  inches  of  the 
closed  bottom  end  of  the  6-in.  pipe,  up  to  the 
required  hight  of  lift.  The  air  pipes  are  ^  in., 
though  lA  in.  would  be  ample;  they  are  car- 
ried down  the  pit  outside  the  6-in.  pipes,  and 
are  turned  up  at  the  bottom  through  the  cen- 
ter of  the  dead  end  of  the  bottom  of  the  6-in. 
pipes.  They  extend  upward  for  10  in,  in  the 
6-in.  and  for  6  in.  in  the  3-in.  pipes.  The  noz- 
zle ends  of  the  air  pipes  are  closed  and  twelve 
hacksaw  slits  are  cut  across  each  of  the  ends, 
the  cuts  extending  round  about  one-quarter  of 
the  circumference  of  the  ^-in.  pipe  and  cut  at 
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ail  iinglc  of  45  (leg.,  thus  giving'  tlic  iiir  ati  up- 
ward direction. 

Tlif  lift  has  worked  well  from  the  start  and 
has  caused  no  trouhle  or  delay.  When  the 
water  supply  fails  a  '.--in.  water  pipe  (whicli 
is  kept  cotuiected  by  ilcxible  liose  to  a  supply 
liaving  a  pressure  of  about  50  lb.  per  sq.  in.) 
is  passed  down  the  6-in.  pipe  which  is  cleared 
almost  as  fast  as  the  yj-'m.  pipe  can  be  low- 
ered. Two  or  three  minutes  is  sufficient  to 
clear  it  at  any  time.  The  oidy  wearing  parts 
arc  the  3-in  pipes,  and  these,  having  no  bends, 
are  likely  to  last  a  long  time.  The  consump- 
tion oi  air  may  be  taken  as  about  50  per  cent, 
more  than  the  best  pump  would  use  when 
in  perfect  condition.  Unlike  sand  pumps  the 
air  lift  remains  in  perfect  condition. 

The  added  water  is  heated  to  a  temperature 
of  95  deg.  F.  by  passing  a  part  of  it  over  ex- 
haust-steam pipes  on  its  way  to  the  lift.  This 
heat,  no  doubt,  adds  to  the  efficiency  of  the 
lift. 


AIR  DRIVEN  CORE  DRILL  IN  A 
ZINC   MINE 

By  Frank  W.   Sansom. 

Toplin,  Mo.,  has  always  been  a  field  into 
which  manufacturers  and  operators  of  core 
drills  have  hesitated  to  enter.  Several  attempts 
have  been  made  to  utilize  the  diamond  drill, 
but  they  were  apparently  unsuccessful.  The 
principal  difficulties  seem  to  have  been  en- 
countered in  drilling  through  pockets  and 
crevices,  in  which  the  diamonds  were  likely 
to  be  torn  out  and  lost. 

The  shot  drill  was  tried  in  this  district  sev- 
eral years  ago  apparently  with  no  better  suc- 
cess, the  principal  difficulty  being  that  the  drill 
could  make  almost  no  headway  in  some  of  the 
hard  f^int  encountered.  There  are  no  authentic 
records  available  regarding  these  attempts,  but 
they  must  have  been  discouraging,  or  later  at- 
tempts would  certainly  have  been  made. 

CHURN    DRILLING    USED    IN    THE    PAST. 

The  churn  drill  is  widely  used,  and  is  satis- 
factory from  a  mere  drilling  standpoint,  but 
the  records  obtained  are  not  reliable.  Many 
good  mining  properties  have  been  condemned, 
and  many  poor  ones  recommended  on  data 
obtained  by  churn  drills. 

The  drilling  is  almost  always  done  by  con- 
tract ;  speed  is  about  the  only  factor  consid- 
ered ;  and  the  holes  are  not  cleaned  thoroughly 
nor  often  enough,  so  a  thin  rich  stratum  often 


appears  as  4  or  5  ft.  of  workable  ore.  This 
would  not  be  so  mislea<ling  but  for  the  fact 
that  the  ore-bearing  ground,  being  nuich  softer 
than  the  rock  al)o\e  or  below,  is  cut  much 
easier,  so  the  diaineter  of  the  hole  at  this  point 
is  greatly  eidarged,  and  shows  more  ore  than 
it  should.  The  jar  of  the  tools  and  wash  of 
the  water  also  tends  to  enlarge  the  hole  at 
these  rich  places,  and  the  mineral  runs  down 
to  greater  depths,  making  a  false  and  mislead- 
ing record.  With  a  core  drill  this  is  impossible 
as  the  cuttings  are  not  depended  upon  for  the 
record. 

USE    OF   THE    CORE    DRILL. 

The  objections  above  noted,  and  many 
others,  made  the  need  of  a  core  drill  very  real 
and  imperative.  The  improved  methods  of 
prospecting,  and  the  growing  desire  among 
progressive  and  uptodate  operators  more  thor- 
oughly to  exploit  and  block  out  their  ore 
bodies,  will  doubtless  create  a  further  demand 
for  better  and  more   extensive  drilling. 

Since  a  majority  of  the  mines  in  the  district 
are  working  in  deeper  hard-ground  orebodies, 
the  principal  difficulties  with  which  the  core 
drill  will  have  to  contend  are  the  extremely 
hard  rock  here  encountered ;  crevices,  open  and 
mud  pockets,  shelly  fiint,  etc.  It  is  probable 
also  that  the  difficulty  of  overcoming  local 
prejudice  against  new  methods  and  machinery, 
and  the  increased  cost  of  drilling,  will  be  no 
small  problem. 

INTRODUCTION   OF  THE  CORE  DRILL. 

As  a  bit  of  history  it  is  pertinent  to  men- 
tion here  the  events  that  led  up  to  the  intro- 
duction of  the  core  drill  by  this  company. 
About  a  year  ago  they  introduced  an  innova- 
tion in  churn  drilling.  Their  present  work- 
ings are  at  a  depth  of  240  ft.,  but  an  old  deep 
drill  hole  showed  ore  to  a  depth  of  300  ft. 
The  management  conceived  the  idea  of  install- 
ing a  drill  underground,  in  order  to  save  a 
depth  of  240  ft.  of  drilling  and  the  attempt 
was  entirely  successful.  Three  holes  were 
drilled,  showing  workable  ore  to  a  depth  of 
300  ft.  The  problem  of  sinking  the  company's 
shafts  to  such  an  increased  depth,  and  the  ex- 
pense attending  the  opening  of  new  workings 
was  such  an  important  one,  that  it  was 
thought  best  to  try  to  secure  more  accurate 
information  regarding  the  deeper  run  of 
ore  before  attempting  extensive  operations. 

The  ground  drilled  was  limestone  and  flint, 
and    seemed  to   offer   no   theoretical   obstacles 
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to  core  drilling,  other  than  extremely  hard 
rock,  and  occasional  small  pockets.  These  the 
company  was  satisfied  could  be  surmounted 
by  the  core  drill,  so  they  purchased  from  the 
Ingersoll  Rand  Company  a  Davis-Calyx  class 
F-i  shot  drill.  The  drill  bores  a  hole  4^  in. 
in  diameter,  makes  a  3/4-in-  core  and  has  a 
depth  capacity  of  800  ft.  A  drilling  expert  was 
sent  to  install  the  drill  and  train  a  local  crew 
to  operate  it. 

The  drill  was  lowered  into  the  ground  and 
set  up  without  difficulty,  and,  contrary  to  all 
prophecies  concerning  this  drill,  and  the 
usual  delays  encountered  in  installing  ma- 
chinery under  new  conditions,  it  started  with- 
out trouble.  The  driving  engine  was  first 
operated  by  steam  but  later  by  compressed  .air, 
and  ran  perfectly  with  either. 

Five  holes  have  been  completed  to  date,  the 
first  to  a  depth  of  90  ft.  from  the  floor  of 
the  mine,  or  330  ft.  from  the  surface.  The 
others  were  drilled  to  an  average  depth  of 
300  ft.  The  drill  is  now  operating  on  the 
sixth   hole. 

CHARACTER  OF  GROUND   DISCLOSED. 

The  character  of  the  strata  penetrated  was 
white,  gray,  and  brown  limestone,  white,  blue, 
•and  black  flint,  varying  in  hardness  in  the 
order  named,  the  limestone  being  the  softest, 
and  the  black  flint  the  hardest ;  all  of  the  rock 
being  similar  in  character  to  that  found  on 
the  240-ft.  level  of  the  mine.  The  black  flint 
in  this  formation  is  reputed  by  all  men  who 
have  worked  in  this  mine  to  be  as  hard  or 
harder  to  cut  with  the  rock  drill  than  any 
rock  in  the  entire  district.  The  hardest  ma- 
terials encountered  by  the  core  drill  were  balls 
or  nodules  of  blue  and  black  flint  bedded  in 
the   limestone. 

Zinc  blende,  or  jack,  was  the  only  ore  found. 
It  occurred  in  pockets  and  horizontal  seams 
from  one  to  six  inches  in  thickness ;  vertical 
and  inclined  fissures ;  and  disseminated 
through  the  limestone  and  flint.  The  only  un- 
usual occurrence  noted  was  that  disseminated 
through  the  limestone,  something  unknown  in 
the  upper  workings  of  the  mine,  and  rarely 
found  anywhere  in  the  Joplin  district. 

CHARACTER    OF    CORES. 

The  cores  varied  in  length  up  to  30  in., 
the  .average  being  about  six  or  eight  inches. 
The  broken  nature  of  the  cores  was  due  to 
the  numerous  cracks  and  fissures  in  the  rock. 
No  difficulty  was  encountered  in  picking  up  the 


broken  pices  of  core,  as  they  readily  worked 
into  the  core  barrel,  and  were  held  there  by 
the  solid  core  coming  immediately  under  them. 
One  of  the  principal  objections  to  the  shot 
drill  for  this  district  was  in  drilling  through 
pockets,  in  which  case  it  was  predicted  the 
shot  could  not  be  kept  under  the  bit,  hence  the 
drill  would  not  cut.  A  number  of  pockets 
were  drilled  through,  some  as  much  as  a  foot 
and  a  half  in  depth,  and  no  serious  difficulty 
was  noted. 

SPEED  OF  DRILLING. 

The  depth  drilled  per  day  of  eight  hours  on 
the  first  hole  varied  from  two  to  eight  feet, 
averaging  four  feet;  on  the  second  hole  the 
average  was  5^  ft.,  on  the  third,  fourth  and 
fifth  holes,  six  to  seven  ft.  The  best  day's 
drilling  on  the  first  hole  was  eight  ft.,  on  the 
second  13ft.,  and  on  the  last  three  holes  17 
ft. ;  the  character  of  the  rock  was  about  the 
same  in  each  hole.  The  increased  average  on 
the  various  holes  was  doubtless  due  to  the 
increased  experience  of  the  drilling  crew, 
which  became  better  acquainted  with  the  per- 
formance of  the  drill  as  the  work  proceeded. 

Of  course  the  hard  blue  and  black  flint 
drilled  very  slowly,  two  or  three  feet  per  day 
while  drilling  in  them  exclusively,  being  a 
fair  day's  work;  while  drilling  in  limestone 
15  ft.  per  day  was  easily  made.  One  condition 
that  prevented  faster  drilling  was  the  fre- 
quency with  which  the  cores  had  to  be  taken 
out.  This  was  mainly  due  to  the  broken  con- 
dition of  the  core.  After  the  core  barrel  be- 
came partly  filled  with  broken  core,  the  pieces 
had  a  tendency  to  rotate  on  each  other,  thus 
grinding  off  the  ends.  The  jack  being  com- 
paratively soft  was  thus  most  easily  ground 
.and  lost,  so  while  drilling  in  ore-bearing 
ground  it  was  necessary  to  draw  the  cores  very 
frequently. 

Another  condition  that  took  time  was  the 
comparatively  low  derricks  used.  The  der- 
rick on  the  first,  second,  fourth  and  fifth  holes 
was  26  ft.  high,  allowing  a  break  in  the  drill 
rods  in  drawing  the  tools,  of  20  ft.  On  the 
third  hole  the  derrick  was  only  21  ft.  high, 
necessitating  a  break  every  10  ft.  The  change 
of  rods  were  2,  5  and  10  ft.,  thus  the  time  re- 
quired for  taking  out  cores  consumed  at  least 
one-third   of  the   working  time   of  each   shift. 

THE    COST    OF    DRILLING. 

The  cost  of  drilling  is  figured  from  the  sec- 
ond, third,  fourth  and  fifth  holes ;  the  first  hole 
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being  (Irillod  by  a  biKlily  l)aitl  txpcrt,  with  two 
bolpcrs  who  were  K'aniiii^;  (he  work.  All 
the  other  holes  were  drilled  by  one  drill-man 
and  one  helper.  The  labor  cost  on  these  last 
four  holes  was  al>out  95c.  per  ft.;  shot  15c.  per 
ft. ;  bits,  10c.  per  ft. ;  power,  repairs,  etc.,  10 
to  15c.  per  ft.,  making  a  total  cost  per  foot  of 
$1.25  to  $r.30.  This  seems  to  be  a  high  cost 
when  compared  with  churn  drillinj.'  at  8oc.  to 
90c.  per  ft.,  but  when  the  reliability  of  records 
are  compared  it  is  considered,  by  this  com- 
pany at  least,  a  satisfactory  and  economical 
investment. 

METHOD    OF    KEEPlNt^    RECORDS. 

The  cores  were  kept  in  boxes  five  feet 
long  holding  two  cores  each,  side  by  side,  or 
10  ft.  of  core.  The  pieces  of  core  were  tagged 
with  consecutive  numbers,  and  were  thus  re- 
corded in  the  written  log  of  the  hole,  in  which 
the  character  of  the  rock,  apparent  value  of  the 
ore  contents,  depth,  etc.,  were  noted.  For 
the  purpose  of  finding  the  exact  value  of  the 
ore,  the  cores  containing  ore  were  ground  in 
a  sample  grinder,  to  a  Yz-  or  ^-size,  then 
quartered ;  one  portion  was  powdered  and  as- 
sayed, the  other  returned  to  the  core  boxes 
for  future   records. 

The  performance  of  the  drill  for  this  company 
seems  to  demonstrate  beyond  question  that  the 
shot  drill  or  core  drill  is  eminently  practicable 
for  this  district,  at  least  in  the  hard-ground 
mines.  The  variety  of  ground  encountered  in 
these  five  holes,  considering  the  crevices, 
pockets,  and  the  extremely  hard  rock,  seems 
to  be  a  broad  enough  test  to  warrant  the  above 
conclusion. 

Probably  the  best  plan  for  using  this  drill 
in  this  district  would  be  to  drill  a  hole  down 
to  the  ore  horizon  with  a  churn  drill,  casing 
the  hole  where  necessary,  and  then  take  a 
core  from  the  ore  formation  with  the  core 
drill.  A  combination  churn-  and  core-drill  rig, 
or  two  separate  rigs  operated  in  conjunction 
with  each  other,  would  make  the  drilling  cost 
but  little  more  than  churn  drilling.  Two  sep- 
arate rigs  would  probably  be  better  so  that 
both  could  be  in  operation  on  different  holes 
at  the  same  time.  In  such  a  combination  of 
the  two  methods  of  drilling  advantage  could 
be  taken  of  the  best  features  of  both  drills, 
the  churn  drill  for  speed  in  barren  ground  and 
the  core  drill  for  a  reliable  record  in  the  ore 
formation.  Now  that  the  core  drill  has 
achieved  such  practical  success  in  this  test,  it 


would  .seem  only  a  ([uestioii  of  time  until  it 
would  be  in  connnon  use  in  this  mining  dis- 
trict.— liuijiucci  in^  and  Minutg  Journal. 


GASOLINE  FROM  NATURAL  GAS 

Any  gas  from  a  sand  from  whieh  oil  is  pro- 
iluced  will  yield  a  ijrofitable  amount  of  gaso- 
line, ranging  in  gr.ivity  to  82  to  96  degrees. 
The  gravity  depends  on  the  density  of  the  gas 
and  the  extent  to  which  it  must  be  compressed 
to  obtain  best  results. 

The  gas  from  Bradford  sand  oil  wells  is 
known  to  produce  under  present  stage  of  de- 
velopment, from  23/2  to  y/2  gallons  per  1,000 
cubic  feet  under  compression  of  275  to  350 
pounds.  The  gravity  of  this  product  is  86  to 
94.  Gas  from  the  second  or  what  is  known  as 
the  Watsonville,  Kinzua  or  Tiona  sand  yields 
a  greater  percentage  of  gasoline  under  lower 
pressure.  This  is  due,  so  far  as  pressure  is 
concerned,  to  the  normal  or  natural  rock  pres- 
sure, which  in  this  particular  sand  does  not 
exceed  300  pounds,  while  the  initial  pressure 
of  the  Bradford  sand  runs  as  high  as  600 
pounds.  The  gravity  of  the  oil  in  the  different 
sands  has  some  effect  on  the  gas. 

The  second  sand  oil  being  lighter,  more  of 
its  qualities  that  are  rich  in  the  hydrocarbons 
are  absorbed  and  carried  away  in  the  gas. 
This  may  be  fully  demonstrated  by  letting  the 
gas  from  a  dry  gas  sand  circulate  through  oil 
on  its  way  to  the  point  of  consumption,  where 
careful  rotation  will  show,  in  increased  ef- 
ficiency, what  the  oils  of  different  gravity  con- 
tribute in  heat  units  toward  enrichment  of  the 
gas.  Care  must  be  observed  in  such  tests  to 
admit  a  proper  amount  of  air  to  secure  the 
best  results  in  combustion. 

Gas  from  the  deep  gas  sands,  where  the 
initial  pressure  would  reach  800  to  1,000 
pounds,  does  not  yield,  under  any  known  sys- 
tem, an  appreciable  quantity  of  gasoline.  Pos- 
sibly, under  pressure  nearly  equalling  that  of 
the  original  rock  pressure,  an  excessively 
volatile  product  would  result,  but  inability  to 
confine  and  to  hold  it  would  make  its  manu- 
facture   impracticable. 

The  best  results  are  secured  from  gas  from 
oil  wells  that  are  located  in  what  is  known  as 
Gas  Pump  territory.  On  these  wells  a  vacuum 
ranging  from  10  to  22  inches,  mercury  column, 
is  maintained. 

WHAT  VACUUM  DOES. 

This  vacuum  draws  not  only  the  gas  from 
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the  sand,  but  converts  some  of  the  lighter 
qualities  of  the  oil  into  a  vapor  which  assimi- 
lates with  the  gas.  This  gas  under  compres- 
sion of  85  pounds,  yields  4^  to  5  gallons  of  92 
gravity  gasoline  per  1,000  cubic  feet.  Increased 
pressure  proportionately  decreases  the  quantity 
of  gasoline  and  raises  the  gravity.  Under  165 
pounds  pressure  1,000  cubic  feet  of  gas  pro- 
duced 3  to  zV-2  gallons  of  gasoline. 

The  gravity  of  the  gasoline  may  be  lowered 
to  78  degrees  by  proper  treatment  of  the  gas 
before  it  is  put  under  pressure.  It  is  a  fact 
also  that  any  gas  which  comes  from  an  oil- 
bearing  sand  can  be  made  to  yield  its  product 
of  gasoline  under  pressure  not  exceeding  150 
pounds.  There  is  an  increasing  demand  for 
this  high  test  product.  For  high  speed  gaso- 
line engines  and  for  the  gas  lighting  machines 
it  has  no  equal.  The  belief  that  the  volume  of 
gas  is  not  diminished,  and  that  there  is  no 
deterioration   is,   in   our   experience,   incorrect. 

The  decrease  in  the  volume  of  gas  is  in 
proportion  to  the  amount  of  gasoline  extracted 
— varying  from  10  to  25  per  cent. 

Assuming  that  in  the  process  of  compression 
the  water  and  other  foreign  substances  are  re- 
moved from  the  gas,  and  that  no  heat  units 
are  nefeded  to  eradicate  this  waste — there  must 
still  be  deductions  made  from  its  former  ef- 
ficiency in  proportion  to  its  impoverished  con- 
dition. It  is  true  that  a  cleaner,  brighter  light 
is  made  from  gas  from  which  the  gasoline  has 
been  taken,  and  it  is  true,  also,  that  for  gas 
engines  this  gas  is  superior,  there  being  no 
danger  of  carbonization,  but  an  additional  5 
per  cent,  of  the  impoverished  gas  will  be  re- 
quired. 


NON    RUSTING    OF    STEEL    IN 
CONCRETE 

The  risk  of  the  rusting  of  steel  reinforce- 
ment in  concrete  has  been  widely  discussed, 
and  equally  positive  statements  are  made 
that  it  will  and  will  not  rust.  The  Concrete 
Institute  has  just  issued  a  draft  report  upon 
this  question.  It  is  affirmed  that  if  proper  pre- 
cautions are  observed  rusting  will  not  occur. 
The  materials  used  must  .all  be  of  good  quality 
and  be  well  and  scientifically  mixed.  The  con- 
crete should  be  mixed  fairly  wet  and  well 
packed,  so  that  it  fills  the  mold  completely  arid 
leaves  no  voids.  Sand  more  or  less  coated 
with  salt  should  be  washed,  and  salt  water 
should  not  be  employed  for  mixing.  The  stone 


or  other  aggregate  should  be  as  non -porous 
as  possible.  The  aggregate  should  all  pass 
through  a  ^-in.  mesh,  and  no  coating  of  con- 
crete should  be  less  than  ^  in.  Where  the 
concrete  is  much  exposed  to  moisture  the 
minimum  thicknesses  of  concrete  covering  the 
reinforcement  should  be  increased  by  50  per 
cent.  Paint,  oil  and  thick  rust  should  be  re- 
moved from  the  reinforcement  before  it  is  put 
into  its  place.  It  is  pointed  out  that  these 
precautions  are  considered  from  the  point  of 
view  of  corrosion  only. 


TESTING  FOR  GAS  IN  COAL  MINES 

It  is  well  known  that  the  goaves  of  a  coal 
mine  are  constant  sources  of  danger  from  the 
collection  of  gas  in  them.  They  are  also  dan- 
gerous to  inspect,  owing  to  falling  roof.  In 
order  to  test  these  places  in  safety,  Joseph 
Smith,  inspector  in  the  Phelps-Dodge  mines, 
at  Dawson,  N.  M.,  has  invented  the  apparatus 
shown  in  the  accompanying  illustration.  In 
using  this  device,  the  inspector  carries  enough 
^-inch  pipe  with  him  to  reach  into  the  dan- 
gerous places.  The  pump  is  then  connected 
to  this  pipe  and  the  gas  forced  into  the  at- 
tached safety  lamp,  where  the  flame  is 
watched.  If  the  roof  falls  while  the  test  is 
being  made  and  the  pipe  cannot  be  withdrav/n, 
it  can  be  abandoned  as  a  negligible  loss.  The 
pump  can  be  used  with  any  safety  lamp  by 
putting  the  pump  discharge  against  the  wires 
and  working  the  pump,  but  it  is  arranged  to 
fit  the  Wolf  lamp. 

The  apparatus  can  also  be  used  as  a  demon- 
strating device  by  taking  any  small  tank,  say 
an  old  fire  extinguisher,  putting  .a  small  quan- 
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tity  of  j4as()kMU'  in  it  ami  tlrawiii)^  air  thitnigh 
this  tank  and  through  another  sniall  tank  in 
scries,  whicli  serves  as  a  mixinj^  and  storage 
tank,  into  a  lamp.  Any  desired  llanie  thus 
can  be  shown  to  tire  bosses  in  entire  safety. 
— Engint't'rinii   ami   Minini;  Journal. 


COMPRESSED  AIR  AT  HIGH  ALTI- 
TUDES 

Mens.  G.  Trefois,  in  Revue  Univcrscllc  dcs 
Mines,  discusses  mining  conditions  at  high  ele- 
vations, referring  for  illustration  to  the  Sen- 
tein  lead-zinc  mines  in  the  French  Pyrenees, 
altitude  6.500  to  8,800  ft.,  and  the  Caylloma 
silves   mines   in    Peru,   altitude    16,000   ft. 

The  most  noticeable  and  potent  feature  at 
these  altitudes  is  the  reduced  atmospheric 
pressure,  this  at  8.150  feet  being  27  per  cent, 
less  than  the  normal  pressure  at  sea  level,  and 
at  16.300  feet  the  reduction  being  45  per  cent. 
The  rarified  atmosphere  detracts  from  the 
efficiency  not  only  of  workmen  and  animals, 
but  also  of  gas  and  compressed  air  engines. 

As  now  understood,  mountain  sickness  is 
the  cumulative  result  of  two  physiological 
phenomena :  A  congestion  of  blood  in  the 
lungs,  whereby  the  movements  of  the  chest 
and  diaphragm  are  made  more  difficult,  and  a 
more  rapid  respiration,  due  to  the  necessity 
for  inhaling  a  larger  quantity  of  oxygen  while 
the  atmosphere  actually  contains  less  of  it. 
It  is  plain  that  the  effort  thus  required  will 
diminish  the  amount  of  useful  work  that  a 
man  or  animal  can  render.  Relatively  slight 
differences  in  elevation  produce  marked  ef- 
fects. Thus,  at  Sentein,  the  Bulard  mine  at 
8.150  ft.  is  worked  during  the  summer  by 
laborers  who  during  the  rest  of  the  year  are 
engaged  at  the  Bentaillou  mine,  at  6,500  ft.; 
the  author  estimates  that  the  decrease  in  ef- 
ficiency attributable  to  the  diminished  pressure 
of  air  alone,  amounts  to  about  15  per  cent., 
and  yet  the  workmen  are  all  accustomed  to 
the  conditions  from  their  youth.  It  is  not 
possible  to  make  so  close  a  comparison  of  ef- 
ficiencies in  the  case  of  the  Caylloma  mines, 
since  the  men  engaged  in  the  mines  are  mostly 
Indians  from  the  neighborhood,  while  those 
working  at  lower  elevations  are  men  of  a  su- 
perior type.  The  manager  of  these  mines  esti- 
mates that  the  loss  of  efficiency,  as  compared 
with  workmen  at  sea  level,  amounts  to  about 
50  per  cent. 


Exacll\  i)aralUl  results  have  been  noted  in 
the  performance  of  horses  and  other  animals. 
At  Sentein  it  reejuired  a  horse  of  exceptional 
strength  to  make  two  round  trips  per  day, 
carrying  a  load  of  50  kg.  (no  lb.)  a  distance 
of  10  km.  (6^1  miles)  and  climbing  from  an 
elevation  of  3,2()0  to  6,520  ft.,  while  in  the  val- 
ley, ordinary  horses  could  readily  cover  twice 
this  distance,  with  a  load  of  100  kg.  At  very 
high  altitudes  horses  become  disabled,  and  it 
is  necessary  to  resort  to  mules  and  burros. 
The  usual  cost  of  transporting  a  piece  of  ma- 
chiner\-  weighing  350  lb.,  ref|uiring  a  strong 
mule,  is  $20;  pieces  of  less  weight  are  carried 
on  llamas  at  a  cost  of  $10  per  ton. 

Mines  at  high  altitudes  are  seldom  able  to 
use  coal  for  fuel,  owing  to  the  cost  of  procur- 
ing it ;  wood  is  the  common  fuel  of  such 
mines.  The  effects  of  altitude  are  to  lower 
the  boiling  point  of  water  and  also  to  reduce 
the  back  pressure  of  a  non-condensing  steam 
engine.  At  8,150  ft.,  water  boils  at  92  deg. 
(108  F.)  and  the  back-pressure  is  reduced  to 
555  mm.  (21.85  i"-  mercury),  and  at  16,300  ft. 
water  boils  at  84  deg.  (183  F.),  the  air  pres- 
sure being  only  415  mm.,  as  compared  with 
760  mm.  at  sea  level. 

In  regard  to  gas  or  gasolene  engines,  the 
weight  of  gaseous  mixture  drawn  in  at  each 
stroke  is  approximately  proportional  to  the  at- 
mospheric pressure,  and  while  the  author  has 
not  studied  the  question  experimentally,  he 
estimates  that  the  loss  of  efficiency  in  such  an 
engine  will  be  about  the  same  as  in  the  case 
of  an  air  compressor,  amounting  to  17  per 
cent.,  at  8,150  ft.,  and  25  per  cent,  at  16,300 
feet.  The  efficiency  of  an  engine  using  com- 
pressed air,  owing  to  the  diminished  back  pres- 
sure, is  somewhat  increased,  but  as  this  ef- 
ficiency, in  an  air  engine  working  under- 
ground, is  seldom  over  50  per  cent.,  little  of 
the  energy  lost  at  the  compressor  is  regained 
through  the  fact  that  back  pressure  is  dimin- 
ished. 


The  highest  railway  point  in  the  world  is 
claimed  for  the  Morococha  branch  of  the  Cen- 
tral Railway  of  Peru,  w'hich  reaches  an  alti- 
tude of  15,865  ft.  and  has  the  highest  station 
in  the  w'orld  at  Ticlo  (the  junction  with  the 
main  line),  15,665  ft.  The  maximum  grade  on 
the  line,  extending  from  the  port  of  Callao,  is 
4^2  per  cent. 
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PNEUMATIC  SCRAPING  RIG. 


PNEUMATIC  HYDRAULIC  APPARATUS 
FOR  MACHINE  SHOP  SCRAPING 

In  the  construction  of  precision  machinery 
one  of  the  most  responsible  operations  of  the 
shop  is  the  scraping  of  the  sHding  surfaces  so 
that  they  will  fit  accurately  over  practically 
their  entire  areas.  This  somewhat  tedious 
operation  consists  in  first  rubbing  the  two 
surfaces  together  and  then  taking  them  apart 
and  scraping  away  the  initial  spots  which  bear 
traces  of  contact.  Upon  rubbing  the  surfaces 
together  again  the  areas  of  contact  will  be 
found  to  have  been  increased,  but  still  to  re- 
quire successive  rubbings  and  scrapings  be- 
fore the  contact  is  satisfactory.  The  succes- 
sive lifting  off  and  replacing,  and  the  working 
back  and  forth  sufficiently  to  indicate  the  con- 
tact make   the  job  a  tedious   one. 

The  apparatus  here  shown,  the  cut  being  re^ 
produced  from  Machinery,  was  specially  de- 
signed at  the  Jones  &  Lamson  shops,  Spring- 


field, Vt.,  for  this  service.  It  is  a  combination 
hoist  and  pulling  and  pushing  machine  oper- 
ated by  compressed  air  in  combination  with 
oil,  the  air  applying  a  pressure  upon  the  oil 
which  in  turn  exerts  the  required  pressure 
upon  the  operating  pistons  and  ensures  steadi- 
ness and  -  precision  of  operation.  It  is  all 
mounted  upon  a  truck  so  that  it  can  be  con- 
veniently moved  from  one  machine  to  another. 
A  lathe  bed  and  slide  to  be  fitted  appear  at  the 
left  of  the  cut.  The  machine  is  securely  fas- 
tened to  the  lathe  by  the  clamps  AA  as 
shown.  The  cylinder  B  is  the  hoisting  cylin- 
der, and  cylinder  C  for  the  pushing  and  pull- 
ing. Valve  D  controls  the  pressure  in  cylin- 
der B  and  valve  E  in  cylinder  C.  When  valve 
D  is  opened  the  air  enters  through  pipe  F 
into  the  oil  chamber  G  from  which  the  oil 
pressure  is  transmitted  to  the  under  side  of 
the  piston  in  cylinder  B.  When  the  piston 
and  load  is  to  be  lowered  the  air  is  discharged 
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and  llic  uil  returning  to  reservoir  G'  by  means 
of  the  small  pipe  //  prevents  a  loo  sudden 
drc)p. 

When  the  horizontal  movement  is  to  be 
used  tiie  valve  E  admits  the  air  pressure  either 
to  pipe  A'  or  to  pipe  L,  from  which  it  is  trans- 
mitted to  the  oil  in  the  reservoir  formed  by 
the  pipes  M  and  V\  respectively.  When  the 
pressure  is  on  A^,  the  piston  moves  to  the 
right,  pulling  the  slide,  and  when  the  pressure 
is  on  M  the  piston  pushes  the  slide  in  the 
opposite  direction ;  the  air  pressure  when  ad- 
mitted to  one  side  of  the  piston  being  released 
from  the  other  side.  The  pipe  P  and  the 
hand-whecl-operated  valve  O  permit  any  oil 
that  may  leak  by  the  piston  in  cylinder  B  to 
return  to  the  oil  reservoir  G.  At  the  upper 
end  of  pipe  P  there  is  a  small  vent  hole  per- 
mitting the  air  a'bove  the  piston  to  escape 
when  the  hoist  is  in  operation. 


CUTTING  PROCESSES 

Perhaps  there  are  few  things  commonly 
done  and  generically  described  by  a  single 
word  which  can  differ  in  character  so  widely 
and  so  essentially  as  do  the  various  cutting 
devices  and  operations  employed  in  the  indus- 
trial arts  and  elsewhere.  The  t3-pical  cutting, 
and  what  the  word  first  suggests,  is  that 
which  is  done  with  a  sharp  knife.  The  per- 
fection of  simplicity  and  ease  in  cutting  is 
when  we  can  say  of  anything  that  it  cuts  like 
cheese. 

Next  to  the  knife,  and  not  very  near  it  in 
kind,  is  the  saw.  The  wedge  action  of  the 
knife  is  here  abandoned  at  once,  and  the  teeth 
of  the  saw  tear  and  drag  the  material.  The 
cutting  of  the  grindstone  and  the  emery  wheel 
is  almost  pure  abrasion,  so  that  the  wear  of 
journals  and  slides  is  a  kind  of  cutting  as  far 
as  it  goes,  and  when  the  surfaces  become  dry 
and  the  abrasion  is  rapid  cutting  is  the  word 
we  use  for  it.  A  cold  chisel  driven  by  a 
hammer  has  something  of  a  wedge-like  action 
when  cutting  soft  steel  or  other  tenacious 
metal,  but  when  it  gets  to  cast  iron  it  rather 
breaks  than  pushes  the  material  aw- ay;  in  cut- 
ting stone  the  breaking  of  the  material  is  more 
pronounced,  and  still  we  call  it  cutting.  Then 
comes  the  percussion  rock  drill,  which  could 
never  cut  stone  as  a  knife  cuts,  but  still  works 
its  way  rapidly  into  the  rock  by  its  crumbling 
or   pulverizing  of  the  material. 

All  these  ways  and  means  of  cutting  have 


their  special  lines  of  employment,  and  in  these 
lines  neillier  eould  take  the  place  of  the  other. 
The  rotating  twist  drill  would  be  worthless  in 
a  granite  (piarry,  and  the  percussion  rock  drill 
could  not  penetrate  steel  plates  or  shape  the 
surfaces  of  castings  to  precise  dimensions  in 
the  machine  shop.  The  different  processes  and 
ai)paratus  have  developed  and  have  found 
their  different  employments  in  obedience  to 
specific  demands. 

Perhaps  nothing  ever  appeared  more  clearly 
responsive  to  an  actual  and  well  defined  need 
of  the  worker  than  did  the  core  drill.  It  is 
the  earth  sampler  or  taster,  and  tells  the  plan- 
ner of  great  works,  which  will  involve  the 
cutting  away  of  masses  of  rock  and  the  pene- 
trating to  unfamiliar  depths,  what  material 
will  be  encountered,  so  that  he  may  make  cal- 
culations and  preparations  in  advance.  It  also- 
tells  the  seeker  for  veins  and  beds  of  valuable 
minerals  to  be  mined  where  he  would  waste 
his  labour  by  penetrating  and  where  he  might 
be  richly  rewarded. 

It  is  a  curious  thing  that,  to  meet  and  satis- 
fy this  new  requirement,  we  find  cutting  in- 
struments and  cutting  processes  still  different 
from  any  of  those  above  enumerated.  The 
cutting  of  the  diamond  drill  may  best  be  char- 
acterized as  a  scraping  action.  The  surface 
is  scratched  and  the  material  is  dragged  away,, 
being  finely  comminuted  by  the  process  of  re- 
moval, so  the  result  is  the  same. 

The  action  of  the  shot  in  the  Calyx  drill,, 
the  successful  and  established  rival  of  the  dia- 
mond drill,  w^ould,  at  first,  seem  simple  and 
evident  enough.  The  individual  shot,  of 
course,  become  rollers,  and  as  they  pass  over 
the  surface,  each  bearing  only  upon  a  minute 
portion  at  a  time,  they  crush  or  disintegrate 
by  the  rolling  pressure,  and  the  water  washes 
the  stuff  away.  This  would  seem  to  be  very 
far  from  explaining  the  action  when  cutting 
through  iron  and  steel,  and  we  do  not  here  at- 
tempt an  explanation.  Tools,  like  men,  are 
judged  ultimately  by  their  record,  and  the- 
records  in  this  case  not  only  of  actual  accom- 
plishment, but  of  the  cost  of  it,  are  indisput- 
able. The  records  of  the  comparative  costs, 
of  the  cutting  or  abrasive  or  crushing  ele- 
ments, whichever  we  may  choose  to  call  them,, 
give  the  "shot"  drill  a  vast  advantage,  es- 
pecially in  the  production  of  cores  of  such 
diameters  as  would  be  prohibitive  by  any  other 
means  practically  available. 
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Mcdonald,  the  subway  builder 

John  B.  McDonald  died  in  New  York  on 
March  the  17th.  At  the  time  of  his  death  he 
was  receiving  a  salary  of  $50,000  per  annum 
under  a  five-year  contract  with  the  Interbor- 
ough-Metropolitan  Company,  and  though  he 
will  always  be  known  as  the  builder  of  the 
subway  he  is  known  throughout  the  United 
States  as  a  contractor  of  rare  skill  and  achieve- 
ment. He  was  a  poor  Irish  lad,  with  but  little 
education,  though  when  he  died  he  was  a 
Doctor  of  Sciences. 

McDonald  had  a  fine  personality  and  was  in 
every  sense  a  good  fellow ;  he  was  exception- 
ally companionable,  and  these  characteristics, 
together  with  indomitable  courage  and  energy 
led  to  his  success.  We  learn  from  his  career 
how  a  poor  boy,  with  limited  education,  but 
with  an  abundance  of  energy  and  courage  and 
no  unusual  ability,  could  push  himself  to  the 
front  and  achieve  renown  and  wealth.  He 
was  not  in  the  class  of  shrewd,  able,  close- 
calculating  contractors.  His  old  partner 
Ryan,  of  the  firm  of  Ryan  &  McDonald,  was 
of  this  class;  McDonald's  great  faculty  was  in 
the  pioneer  work  leading  up  to  .and  closing  a 
contract,  in  getting  financial  backing  and  in 
securing  sub-contractors  or  others  to  do  the 
practical  work  in  the  contract  which  he  con- 
trolled. 

An  incident  of  McDonald's  career,  which 
has  never  been  published,  occurred  at  the  time 
of  the  building  of  the  subway.  The  writer  re- 
calls distinctly  a  conversation  at  luncheon  in 
New  York  when  McDonald  said  that  he  had 
just  attended  a  meeting  of  the  board  where 
the  question  of  deciding  the  proper  lengths 
of  the  subway  stations  was  up  for  considera- 
tion. He  said  that  he  had  much  difficulty  in 
getting  them  to  increase  the  lengths  of  these 
stations.  "Make  them  twice  as  long  as  your 
engineers  have  planned,"  said  McDonald,  "for 
the  possibilities  are  very  great.  This  subway," 
he  said,  "will  be  too  small  in  a  few  years  to 
take  care  of  the  traffic,  and  the  stations  will 
all  be  too  small."  This  seems  to  have  been 
prophetic,  in  view  of  the  work  which  has  been 
going  on  during  the  past  year  in  lengthening 
the  subway  stations  at  an  expense  far  beyond 
what  the  work  would  have  cost  if  done  when 
the  subway  was  built. 

It  is  easier  to  find  men  who  can  do  good 
work  than  to  find  men  who  can  make  others 
do  good  work.     McDonald  was  a  director  of 
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men.  lie  ^ot  tlu*  best  work  out  oi  others; 
he  was  a  man  instinctively  of  liigii  integrity, 
too  honest  to  make  a  larj^e  fortmie  out  of  his 
t>pportnnities.  too  kind,  j^emrons  and  unselfish 
to  accunudate.  This  barefoot  boy  passed  aw;iy 
at  a  time  when  his  career  was  at  its  height 
and  when  he  was  still  younjjf.  He  was  buried 
from  St.  Patrick's  Cathedral  on  Fifth  avenue, 
New  York.  C)ne's  friends  must  be  legion  to  lill 
this  cathedral,  yet  it  was  packed  to  the  doors  by 
an  audience  that  represented  all  the  walks  in 
life.  It  was  distinctively  a  New  York  crowd; 
the  man  who  carried  a  pick  sat  with  bowed 
head  by  the  side  of  the  banker  or  the  judge, 
and  as  the  great  doors  of  the  cathedral  swung 
open  and  the  casket  was  borne  into  the  aisle, 
preceded  by  bankers,  judges  and  business  men, 
the  mufHed  notes  of  the  cathedral  chimes 
sounded  the  dirge  : 

Swift  to  its  close  ebbs  out  life's  little  day, 
Earth's  joys  grow  dim.  its  glories  fade  away. 

And  at  that  moment  the  power  that  animates 
the  subway  was  shut  off.  the  trains  came  t®  a 
standstill  and  all   was  dark. 

W.  L.  Saunders. 


CHANNELING  IN  SHAFT  SINKING 
AND  TUNNELING 

In  the  Engineering  and  Mining  Journal  of 
March  i8,  the  statement  is  made  that  Mr.  G. 
E.  Wolcott  has  proposed  a  method  of  break- 
ing ground  in  shaft  sinking,  drifting  and  stop- 
ing  by  the  use  of  channeling  machines,  and  it 
is  suggested  that  the  channeling  machine  used 
in  quarries  might  replace  the  usual  rock  drill. 

The  suggestion  is  not  new^,  as  the  Patent  Of- 
fice records  bear  ample  proof.  One  of  the 
original  patentees  on  this  subject  proposed  a 
plan  by  which  a  series  of  concentric  channels, 
some  3  inches  in  width  each,  might  be  cut  in 
the  face  of  a  heading  or  shaft  and  the  material 
removed  en  bloc.  The  difficulty  in  this,  as  in 
all  cases  where  channels  are  to  be  cut  in  rock, 
is  to  provide  a  machine  for  the  purpose.  It  is 
an  easy  matter,  for  instance,  to  channel  stone 
in  quarries  or  open  cuts  where  the  space  is 
unlimited  and  where  the  channeling  is  usually 
downward.  Machines  for  this  purpose  are 
mounted  on  a  track,  they  weigh  several  tons 
and  consume  from  15  to  40  H.  P.  in  operation. 

Channeling-  downward  is  the  easiest  wav  to 


channel,  because  the  weight  of  the  reciprocat- 
ing parts  aids  the  ciuting.  The  greatest  diffi- 
cidly  involved  in  an>  kind  oi  channeling  is  to 
maintain  the  bits  against  a  force  of  blow 
which  is  C(jnsistent  with  rapid  progress.  The 
wide  use  of  channeling  machines  in  quarries 
is  due  to  the  fact  that  the  kind  of  stone  quar- 
ried is  usually  soft  or  crystalline  in  structure, 
as  for  instance,  marble,  limestone  and  sand- 
stone. Little  or  no  progress  has  been  made  in 
channeling  granite,  because  the  material  is 
hard  and  the  progress  slow,  a  hard  blow  on  a 
chisel  point  working  in  an  open  channel  re- 
sulting in  steel  breakages  which  make  it  neces- 
sary to  either  reduce  the  force  of  the  blow  or 
enlarge  the  width  of  the  cut  so  as  to  admit  of 
heavy  steels,  either  of  which  alternatives  en- 
tails slow  progress  and  prohibitive  expense. 
It  is  because  of  this  that  the  harder  rocks  can 
be  quarried  at  less  expense  by  the  usual  pro- 
cess of  drilling  and  blasting. 

Another  difficulty  is  that  a  machine  to  do  ex- 
peditious channeling  in  a  mine  or  heading 
occupies  so  much  of  the  space  that  it  is  in  the 
way  when  mucking  is  done,  or  when  the  ma- 
terial is  removed.  It  must  be  taken  entirely 
out  of  the  way  or  shunted  off  on  a  siding. 

It  is  really  a  mistaken  idea  that  there  is 
anything  practical  about  channeling  the  rock 
out  of  a  heading.  It  can  be  done,  but  it  costs 
money  to  do  it  and  that  makes  it  prohibitive. 
Nobody  is  likely  to  pay  a  high  price  in  mining 
work  in  order  to  get  smooth  walls  to  his  tun- 
nel or  shaft.  What  is  wanted  is  progress  in 
excavation,  economy  of  work  and  not  aesthetic 
conditions.  It  is  plain  that  dynamite  when 
exerting  its  influence  in  a  drill  hole  will  aid 
in  removing  rock  cheaper  and  better  than  a 
channeling  machine.  The  channeling  machine 
belongs  to  a  class  of  work  where  saving  of  the 
rock  taken  out  is  important  and  where  the 
shock  of  the  blast  might  be  serious. 

This  brings  us  to  the  consideration  of  a  lim- 
ited amount  of  channeling  in  order  to  reduce 
the  shock  of  blasting,  and  here  is  the  practical 
line  on  which  to  work.  Instead  of  seeking  to 
cut* out  the  entire  heading  let  the  channeling 
be  directed  to  make,  say,  a  single  cut  in  the 
heading,  through  the  center  vertically  or  hori- 
zontally, or  at  the  bottom,  as  preferred.  This 
channel  might  not  be  over  2  or  3  inches  in 
width,  but  when  made  into  the  face  it  would 
make  a  double  bench  out  of  the  heading.  It 
would   be   a   release   line    for   the   blasting   to 
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work  to.  It  should  reduce  the  shock  and  the 
amount  of  powder  required.  This  cut  or  chan- 
nel is  so  simple  that  it  can  be  made  with  a  ma- 
chine which  is  little  more  than  a  big  rock  drill 
working  radially  on  a  column  or  bar.  Such 
a  machine  can  be  channeling  while  the  rock 
drills  are  putting  in  the  side  holes,  so  that  the 
whole  operation  is  co-ordinate.  A  machine 
in  this  class,  known  -as  the  Radialax,  is  used 
expeditiously  in  coal  mines  and  in  headings 
where  the  material  is  reasonably  soft.  It  is 
hoped  that  its  adoption  will  extend  to  rock 
headings  and  in  that  way  substantially  reduce 
the  brutal  shocks  of  heading  blasts  and  mini- 
mize the  liability  of  falls  in  mines  which  are 
frequently   due  to   constant,   heavy  blasting. 

W.  L.  Saunders. 


FOR  CONTINENTAL  RECIPROCITY 

The  reciprocity  negotiations  which  arc 
now  under  way  between  the  United  States 
and  Canada  are  believed  by  many  and  will 
undoubtedly  mark  the  beginning  of  an  inter- 
national agreement  between  the  Republics  of 
the  western  hemisphere,  whereby  free  trade 
will  be  established  and  all  restrictions  of  trade 
removed  between  these  countries.  Such  an 
agreement  cannot  fail  to  result  in  a  closer 
union  of  the  countries  concerned  and  do  more 
towards  their  pan-Americanization  than  all  of 
the  other  movements  combined  that  have  been 
inaugurated  towards  this  end.  At  the  present 
time  the  United  States  is  combating  with  the 
problem  of  the  high  cost  of  living  and  seek- 
ing by  legislation  a  means  to  reduce  the  prices 
on  commodities  controlled  by  monopoly.  On 
the  other  hand  the  Latin-American  countries 
afford  the  most  promising  export  field  for 
the  industrial  products  of  the  States  and  if 
the  barriers  of  trade  were  removed  these  pro- 
ducts would  find  a  greater  field  here  and  be 
able  to  compete  more  satisfactorily  with 
manufacturers  of  Europe.  The  mineral  and 
agricultural  products  of  Mexico  would  find  a 
ready  sale  in  the  markets  of  the  United 
States  and  with  the  vast  opportunities  which 
the  country  affords  in  this  direction  a  great 
development  would  take  place.  Not  only 
would  this  movement  be  true  of  Mexico  but 
all  of  the  Latin-American  countries  and  a 
trade  would  be  induced  which  would  be  profit- 
able to  all  nations  concerned.  The  removal 
of  the  high  import  duty  on  zinc  ore  by  the 
United  States  and  the  admission  of  manufac- 


tured steel  commodities  free  of  duty  by  Mex- 
ico, would  result  in  an  increase  in  trade  along 
these  lines  amounting  to  millions  of  dollars 
annually  and  the  same  would  be  true  of  other 
commodities.  It  is  to  be  hoped  that  this  reci- 
procity movement  which  is  now  under  way 
will  not  stop  with  Canada  but  spread  through- 
out Latin-America  as  it  would  mean  the  be- 
ginning of  a  new  era  of  commerce  between 
these    countries. — Mexican   Mining   Journal. 


DK.  RAYMOND  RESIGNS 

The  resignation  of  Dr,  Rossiter  W.  Ray- 
mond as  secretary  of  the  American  Institute 
of  Mining  Engineers  has  been  accepted  by  the 
council  of  the  society.  He  is  thus  relieved 
from  the  onerous  executive  duties  which  have 
steadily  increased  and  which  suggested  ex- 
tensions of  the  societiy's  work  must  still  fur- 
ther augment.  Dr.  Raymond  has  been  ap- 
pointed secretary  emeritus  of  the  council,  his 
services  being  retained  for  special  editorial 
and  other  duties.  We  could  wish  that  with 
his  marvelous  literary  facility  he  might  be 
able  to  make  some  valuable  and  enduring  con- 
tribution to  the  world's  treasures  of  autobio- 
graphy and  reminiscence. 

Dr.  Raymond  was  one  of  the  founders  of 
the  Institute  and  in  1871  was  elected  vice- 
president,  becoming  also  president  the  same 
year  upon  the  resignation  of  David  Thomas 
and  being  successively  re-elected  in  the  three 
following  years.  He  has  been  secretary  of  the 
society  for  28  years. 

Dr.  Joseph  Strothers,  the  new  secretary,  has 
been  connected  with  the  institute  as  assist- 
ant secretary  for  eight  years  and  as  editor  for 
five  of  those  years.  He  was  editor  of  Min- 
eral Industry  for  four  years  and  for  many 
years  was  on  the  teaching  staff  of  the  de- 
partment of  metallurgy  of  the  School  of  Mines 
of  Columbia  University. 


EUROPEAN     TUNNELS 

The  Loetschberg  tunnel  is  approaching  com- 
pletion, the  headings  having  met  March  31st. 
Advancing  at  the  rate  of  27  feet  a  day  on  the 
north  side  and  19.3  feet  on  the  south  side,  the 
tunnel  has  been  driven  with  remarkable  uni- 
formity of  progress.  On  the  north  side 
water  continues  to  flow  at  the  rate  of 
nearly  50  gallons  per  second,  and  the 
temperature  is  81  degrees,  Fahr.,  while  on  the 
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south  it  tisis  tt>  (X)  iIcy'"<-'i'S-  I  1"^'  I'tHiuli  arc 
pripariiiK  a  project  for  driving  another  tu..iicl 
tlirou^h  Mont  Ccuis  at  a  much  lower  level,  at 
the  same  time  reduciuj;  the  gradieiits  of  the 
approaches.  AiintluT  tuniu-l  in  course  of  con- 
struction ami  olVerinK  interesting  features  is 
the  one  through  the  l*\r«.nees  ct)miectin.ii  Aix- 
les- 1  hermes  on  the  Midi  line  with  l\ii)()ll  in 
Spain,  h'rom  .\ix-les- Thermes  the  railway  fol- 
lows the  Merens  \'alley.  and  then,  to  avoid  the 
)iea\y  gradients  at  Saillens.  it  makes  a  com- 
l)lete  turn  round  the  Sagnens  mountain.  The 
line  is  then  cut  throup:h  the  mountain  sides 
until  it  reaches  the  llospitalet  Station.  Over 
this  part  of  the  route  the  line  is  carried 
through  short  tunnels  and  under  rock  to  pro- 
tect it  from  snow  and  avalanches.  From  Hos- 
pitalet  begins  the  biggest  part  of  the  undertak- 
ing, consi.sting  of  a  tunnel  5.330  m.  long 
through  Puymorens.  On  the  Spanish  side  good 
progress  is  made  through  granitic  rocks;  but 
on  the  llospitalet  side  the  schist  rocks  contain 
considerable  quantities  of  water,  which  necessi- 
tates timbering,  and  the  walling  and  roofing  of 
the  tunnel  with  concrete.  It  is  expected  that 
tlie  new  Trans-pyrenees  line  will  be  complete 
in  four  or  five  vears. 


AIR  CONDITIONING 

The  mechanical  control  of  the  atmospheric 
conditions  in  buildings  is  of  comparatively  re- 
cent origin.  While  the  necessity  for  pure  air 
within  enclosures  has  been  recognized  for 
many  years,  efforts  have  been  chiefly  confined 
to  delivering  outside  air  without  treatment 
and  to  removing  vitiated  air,  little  attention 
having  been  given  to  the  quality  of  air  sup- 
plied. It  seems  to  have  been  the  idea  that  as 
long  as  the  quantity  of  air  suplied  to  a  building 
was  sufficient  all  requirements  had  been  met, 
and  there  there  was  either  no  neeed  of  con- 
trolling the  quality  of  the  air  or  that  such  con- 
trol was  too  costly  to  undertake.  Now,  how- 
ever, it  is  recognized  that  efficient  air  con- 
ditioning really  involves  the  regulation  of  tem- 
perature, of  humidity  and  of  purity.  A  sup- 
ply of  clean,  fresh  air.  properly  tempered,  has 
a  decidedly  beneficial  effect  on  the  health  of 
the  operatives  in  a  factory,  and  hence  upon  the 
amount  and  character  of  the  work  turned  out. 
In  foundries,  storage-battery  plants,  potteries 
and  various  other  manufacturing  establish- 
ments, it  is  necessary  to  remove  fumes  or 
dust  to  protect  the  workmen.     Aside  from  this 


liNgienic  aspiet  it  is  well  known  that  in  cer- 
tain factories  the  successful  dpiiation  of  the 
maiuifacturing  processes  is  to  a  large  extent 
dependent  upon  the  atmospheric  conditions  in 
which  the  work  is  conducted.  This  is  espe- 
ciall\  true  of  the  manufacture  of  textiles, 
gelatine  products,  phot(jgraphic  films  and 
confections.  In  other  places,  such  as  coal 
mines  and  flour  mills,  the  removal  of  fine  par- 
ticles of  floating  dust  is  imperative  to  prevent 
explosions,  and  it  is  in  connection  with  the 
prevention  of  coal-mine  explosions  that  air 
conditioning  becomes  such  an  import.ant  (jues- 
tion.  In  cities  where  air  is  polluted  by  dust 
and  smoke,  no  system  of  air  conditioning  can 
be  complete  that  does  not  involve  the  use  of 
air  purifiers  which  consist  either  of  cloth  filters 
or  of  wa.shers ;  the  latter  removing  dust  or 
other  floating  matter,  and  to  a  certain  ex- 
tent the  soluble  gases,  by  means  of  sprays  or 
films  of  water.  Air  can  be  supplied  to  build- 
ings by  mechanical  means  with  great  uni- 
formity as  to  quality  and  quantity,  and  in  many 
cases  the  increased  efficiency  of  employees 
more  than  offsets  the  cost  of  installation  of 
the  necessary  ventilating  plant. — Enginerring 
Record. 


WORLD'S  GLYCERINE   SHORTAGE 

By  W.  Cullen.* 

Most  people  know  that  the  basis  of  the  ex- 
plosives which  are  consumed  on  the  Rand,  and 
indeed  throughout  South  Africa  as  a  whole, 
is  nitro-glycerine.  One  might  even  go  fur- 
ther and  say  the  same  holds  for  mining 
throughout  the  world,  but  this  was  not  always 
so.  In  spite  of  the  invention  of  compositions 
which  were  alleged  to  be  many  times  as  strong 
as  nitro-glycerine,  this  body  and  explosives 
having  it  as  their  base  now  occupy  a  position 
which  for  rough  and  ready  work  is  absolutely 
unchallenged,  and  will  probably  remain  so. 
Nitro-glycerine,  as  you  know  is  made  from 
glycerine,  which  is  a  by-product  of  the  soap 
and  candle  industry.  It  is  not  so  very  long 
ago  since  it  was  run  to  waste,  and  this  con- 
tinued until  indeed  nitro-glycerine  found  its 
place  in  the  world  of  explosives.  Now  it  has 
a  value  of  iioo  to  ;£iio  a  ton,  and  the  rea- 
son   for    this    phenomenal    advance    may    well 
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lurgical and  Mining  Societv  of  South  Africa. 


COMPRESSED   AIR  MAGAZINE. 


6053 


be  asked.  The  question  is  easily  answered. 
Quite  apart  altogether  from  the  unique  position 
of  nitro-glycerine  explosives  as  compared  with 
others,  their  consumption  as  a  class  has  in- 
creased enormously  during  the  past  two  de- 
cades, but  the  phenomenal  increase  has  been 
during  the  past  decade.  Every  power  which 
has  a  standing  army  has  adopted  powder 
which  contains  nitro-glycerine  in  greater  or 
lesser  proportion.  This  applies  to  the  Jap- 
anese, among  others,  and  Dr.  Weiskopf  is  now 
manager  of  the  factory  where  the  explosives 
are  made  for  the  navy.  Then,  take  our  own 
South  Africa.  Within  the  Last  ten  years  the 
consumption  has  more  than  doubled ;  in  Can- 
ada during  the  same  period  it  has  probably 
quadrupled,  and  even  in  the  older  European 
states  the  increase  during  the  same  period 
has  been  phenomenal.  Then  the  Panama  canal 
itself  could  take  the  entire  production  of  Mod- 
derfontein  or  Somerset  West.  All  this  in- 
crease would  not  matter  so  much  if  the  in- 
dustries from  which  glycerine  comes  as  a  by- 
product were  expanding  correspondingly,  but 
this  is  not  so.  People  may  be  using  more 
soap,  but  it  is  questionable  whether  they  are 
using  more  candles.  At  any  rate  there  has 
not  been  an  expansion  corresponding  to  that 
in  the  consumption  of  explosives,  so  the  only 
thing  which  could  possibly  happen  has  hap- 
pened. There  is  a  shortage  and  prices  have 
soared  up.  Some  people  are  unkind  enough 
to  advance  other  reasons,  but  the  one  I  have 
given  is  the  true  one  and  can  be  verified  by 
independent  examination.  The  position  in  a 
very  short  time,  if  it  is  not  to-day,  is  that 
there  is  not  enough  glycerine  to  go  around. 
The  outlook  is  exceedingly  serious,  and  that 
is  why  I  sound  this  note  of  warning.  People 
in  the  "know"  have  been  trying  to  find  a  sub- 
stitute for  blasting  gelatine  for  the  past  few 
years,  and  I  am  giving  away  no  secret  when  I 
say  that  none  has  been  found  as  yet,  nor  do 
I  think  it  will  be.  Gelignite  and  gelatine  dy- 
namite do  not  ofifer  so  much  difficulty,  but  I 
cannot  give  you  the  composition  of  .any  of  the 
"substituted  explosives"  because  I  do  not  know 
them  myself  yet.  I  am  safe  in  saying,  how- 
ever, that  the  existing  processes  at  Modder- 
fontein  will  be  profoundly  altered,  as  they 
will  be  in  almost  every  factory  in  the  world. 
How  about  mining?  If  a  substitute  for  blast- 
ing gelatine  is  not  found  will  our  mining 
methods  want  modifying?  My  impression  is 
that  they  will  want  profound  modification.  We 


shall  have  to  find  this  out,  and  it  is  impera- 
tive that  we  start  doing  so  now,  for  the 
changes  which  I  have  indicated  will  come 
about  very  soon.  I  appeal  to  mine  managers 
and  others  to  let  us  have  facilities  for  carry- 
ing out  experiments,  and  to  assist  us  in  every 
way  they  can,  because  although  I  am  rather 
the  reverse  of  an  alarmist  I  must  give  it  as 
my  considered  opinion  that  the  position  is  a 
most  serious  one.  Certainly  explosives  will 
not  be  lower  in  price  for  a  very  long  time  to 
come. 


MAKING  PERFECT  BLUE  PRINTS 

Many  novel  and  patented  devices  have  from 
time  to  time  been  designed  for  the  purpose  of 
ensuring  clear  blue  prints  when  printing  in 
large  frames.  One  of  the  simplest  of  these 
has  been  in  use  in  a  Belgian  factory  for  many 
years,  and  has  proved  satisfactory  in  every 
way.  In  this  factory  the  prints,  which  are  in 
many  cases  of  huge  steam  engines,  have  to  be 
made  an  exceptionally  large  size,  and  the 
difficulty  of  ensuring  perfect  pressure  of  the 
paper  in  the  frames  is  overcome  by  using  thin 
rubber  cushions  the  size  of  the  frames,  which 
are  placed  between  the  paper  and  the  wooden 
back.  Air  is  then  blown  into  these  cushions 
by  means  of  the  mouth,  which  gives  just  suffi- 
cient pressure  to  ensure  perfect  contact,  with- 
out bulging  the  wooden  back  or  the  large  glass 
front  of  the  frame.  By  using  this  simple  de- 
vice the  largest  prints  can  be  produced  with 
perfectly  sharp  lines  all  through,  and  spoiled 
and  blurred  prints  are  entirely  avoided. — The 
Dods.e  Idea. 


SPIDER-WEB  FISHING  NETS 

It  is  no  longer  possible  to  doubt  that  the  na- 
tives of  New  Guinea  use  spider-webs  for  fish- 
ing-nets. A  medalist  of  the  Royal  Geological 
Society,  who  has  been  traveling  in  New 
Guinea,  reports  that  the  natives  bend  the  tip 
end  of  a  long  bamboo  rod  in  such  a  way  as  to 
make  a  loop  five  or  six  feet  in  diameter.  They 
set  up  this  arrangement  in  the  forest  where 
the  spiders  are  thickest,  and  wait  for  the  insect 
to  weave  her  web  in  the  loop.  The  web  has  a 
mesh  about  one  inch  square  at  the  outside, 
which  gradually  decreases  in  size  to  not  more 
than  an  eighth  of  an  inch  square  at  the  cen- 
ter. The  native  uses  this  as  a  scoop-net  as  he 
stands  in  the  stream  and  dips  the  fish  out  as 
they  come  near.  It  is  strong  enough  to  hold 
fish    weighing    a    pound.      The    spider    which 
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makes  it  lias  a  body  about  the  size  of  a  small 
hazelnut,  with  legs  that  spread  out  two  inches. 


WATER   IN   MINES 

The  depth  at  which  water  may  be  reached  in 
an  nnilex  eloped  mine,  and  the  amount  that 
will  be  present  when  it  is  reached  are  very  un- 
certain. At  many  mines  the  watcr-lcvcl  is 
surprisingly  near  the  surface;  altitude  and 
topography  have  little  influence.  For  instance, 
on  Mount  Union,  southeast  of  Prescott,  Ari- 
zona, the  water-level  in  mines  not  drained  by 
adits  is  close  to  the  surface.  This  is  at  an 
altitude  of  nearly  8.000  ft.,  though  down  the 
valley  of  the  Uassayampa  river,  which  heads 
on  Mount  Union,  there  are  mines  over  200  ft. 
deep  in  which  no  water  has  been  found.  Some 
mines  make  a  large  volume  of  water  between 
the  surface  and  the  i,ooo-ft.  level,  but  little  or 
none  below  that  depth.  The  Silver  Islet  mine, 
situated  on  a  small  island  in  Lake  Superior, 
was  worked  to  a  depth  of  500  ft.,  and  was  a 
remarkablv  drv  mine. 


COSTLY  COMPRESSOR  SAVING 

In  driving  the  Rivermont  Tunnel  on  the 
Lynchburg  cut-ofT  of  the  Southern  Railwaj', 
as  described  in  a  recent  issue  of  Engineering 
Record,  an  unfortunate  experience  resulted 
from  the  use  of  steam  instead  of  compressed 
air.  A  section  of  tunnel  360  ft.  long,  driven 
with  much  difficulty,  was  lost  as  the  result  of 
a  fire  which  destroyed  the  crown  timbering 
and  threatened  for  a  time  to  wreck  the  entire 
tunnel.  A  steam-shovel  operated  by  steam 
had  been  allowed  to  stand  in  one  place  for 
some  time,  with  the  result  that  the  timbering 
immediately  above  was  dried  out  and  took  fire 
either  from  a  spark  or  from  the  heat  of  the 
exhaust.  An  air-compressor  plant  had  been 
installed,  but  the  capacity  was  not  great 
enough  to  supply  both  the  drills  and  the  shovel, 
and  steam  was  therefore  used  for  the  latter  in 
preference  to  installing  an  additional  compres- 
sor. The  decision  to  use  steam  was  believed 
justified  because  of  the  large  amount  of  wa- 
ter in  the  ground,  resulting  in  thorough  sat- 
uration of  the  timber  as  soon  as  it  was  placed. 
Had  there  been  no  change  in  the  ground  con- 
ditions the  use  of  steam  in  the  shovel  might 
have  been  unattended  by  mishap,  but  the  driv- 
ing of  the  tunnel  served  to  drain  the  water 
from  the  ground,  and  the  creation  of  air  cur- 
rents through  the  tunnel  after  the  headings 
met   tended   further   to   remove   the   moisture. 


NOTES 

A  mixtini'  of  Piiilsch  gas  with  air  is  ex- 
plosive within  a  gas  percentage  range  of  5  to 
13  per  cent.,  and  it  develops  its  maximum 
jxiwer  at  about  9  per  cent. 


Mineral  wool  is  glassy  slag  blown  by  com- 
jiressed  air  into  minute  hair-like  shreds.  It  is 
used  as  a  non-conductor  of  heat  for  fireproof- 
ing  and  similar  purposes.  This  is  entirely  dif- 
ferent from  steel  wool,  which  consists  of  very 
fine   steel   shavings   mechanically  produced. 


Experiments  made  by  Russian  investigators 
prove  conclusively,  according  to  Practical 
Electricity  and  Engineering  that  rubber  is  best 
preserved  by  immersion  in  distilled  water. 
The  preservatives  tried  were  distilled  water; 
lime  water ;  soda,  glycerin,  carbolic,  and  IxDric 
acid  solutions;  alcohol;  ammonium  carbonate 
and  benzine  vapors;  air;  and  vaseline  and 
talcum  powder. 


A  flight  of  stairs  has  been  erected  in  Paris 
over  which  14,000,000  persons  have  shuffled 
without  so  much  as  scratching  the  surface. 
These  steps  are  almost  as  imperishable  as  if 
they  had  been  built  of  huge  diamonds,  for  in 
the  concrete  of  which  they  are  constructed  a 
generous  proportion  of  carborundum  has  been 
introduced,  and  since  carborundum  is  almost 
as  hard  as  the  diamond,  it  has  given  the  con- 
crete a  wearing  quality  which  no  marble  or 
granite    could    possibly    approach. 


A  power  transmission  plant  is  being  erected 
at  Lauchhammer,  Germany,  designed  to  gener- 
ate current  for  transmission  at  a  pressure  of 
110,000  volts,  which  is  stated  to  be  the  highest 
voltage  used  for  power  transmission  in  Europe. 
The  current  transmitted  is  three-phase ;  the 
generator  pressure  is  5,500  volts,  which  is 
transformed  up  to  the  transmission  voltage  by 
four  transformers,  each  of  6,800  kilowatt  ca- 
pacity. 


According  to  Consul  General  Alexander  M. 
Thackara,  of  Berlin,  the  greater  number  of 
factories  use  acetylene  for  welding  in  prefer- 
ence to  hydrogen.  Although  the  prices  of 
acetylene  and  hydrogen  are  practically  the 
same,  German  engineers  claim  that  it  requires 
from  three  to  five  times  as  much  hydrogen  as 
acetylene  to  do  a  given  piece  of  work,  while 
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hydrogen    is    not    suitable   for   welding   pieces 
more  than  0.215  in.  in  thickness. 


In  the  molten  state  aluminum  absorbs  nitro- 
gen; the  hotter  the  metal  the  greater  is  the 
absorption.  The  absorption  of  nitrogen  from 
the  atmosphere  may  be  readily  appreciated  if 
a  mass  of  aluminum  skimmings  be  wet  with 
water.  •  Within  a  short  time  the  mass  will 
smell  strongly  of  ammonia,  showing  that  the 
water  has  been  decomposed  by  the  aluminum 
and  formed  ammonia  from  the  nitrogen  in  it. 


The  term  Baume  gravity,  which  is  in  fa- 
miliar use  among  petroleum  operators  and  re- 
finers, is  apt  to  be  confusing  to  those  who  are 
not  acquainted  with  the  method  by  which  the 
system  of  units  was  established.  For  liquids 
lighter  than  water,  among  which  is  mineral 
oil,  the  Baume  measurements  are  opposite  to 
those  of  specific  gravity.  That  is  to  say, .  the 
greater  the  specific  gravity  of  the  oil,  the 
lower  the  Baume  measurement,  and  vice  versa. 


Lifting  gravel  from  a  depth  of  about  five 
hundred  feet  by  means  of  compressed  air  is 
soon  to  be  attempted  on  the  property  of  the 
Crowley  Brick  Company,  near  Crowley,  La. 
A  pipe  and  device,  such  as  are  used  in  bring- 
ing oil  to  the  surface  in-  wells  in  Texas  and 
Louisiana,  are  being  installed  by  L.  L.  Lyons 
and  John  Burgin,  who  are  experienced  men  in 
oil  lifting  operations.  It  is  claimed  that  the 
gravel  can  be  lifted  from  this  great  depth  at 
comparatively  small  cost. 


The  loss  of  power  in  a  gas  engine  owing  to 
its  installation  at  considerable  elevations  above 
sea  level  may  be  roughly  estimated  at  about 
3^  per  cent,  for  each  thousand  feet.  The 
decrease  in  barometric  height  is  about  one 
inch  for  950  feet  of  altitude.  This  means  that 
the  weight  of  a  given  column  of  air  will  de- 
crease by  about  one-thirtieth  at  the  same  time 
The  weight  of  fuel  taken  in  per  revolution  we 
may  assume  will  be  decreased  in  the  same  ra- 
tio, and  also  the  number  of  heat  units  avail- 
able. 


In  order  to  make  his  storage  battery  abso- 
lutely fool-proof,  Mr.  Thomas  Edison  devised 
a  machine  for  abusing  the  battery  in  every 
known  way,  but  Mr.  Edison  had  to  admit  that, 
when  it  came  to  inventing  methods  of  abusing 


electrical  apparatus,  he  could  not  compete  with 
the  ''fool"  operator.  Try  as  he  would  to  fore- 
stall every  conceivable  method  of  injuring  the 
apparatus,  some  stupid  man  would  devise  a 
new  and  unthought  of  method  for  putting  it 
out   of   business. 


A  motor  fuel  for  aeroplanes  should  be 
chemically  pure,  of  the  lowest  possible  specific 
gravity,  of  the  highest  possible  heat  productiv- 
ity, free  of  constituents  with  a  high  boiling 
point,  and  should  not  deposit  any  soot  in  the 
mechanism.  The  new  petroleum  product, 
aerobenzine,  is  of  exceptional  value.  Its  specific 
gravity  should  be  from  0.620  to  0.590,  and  it 
should  boil  with  the  heat  of  the  hand.  The 
lower  its  specific  gravity  the  purer  it  is.  Aero- 
benzine must  be  kept  in  thick-walled  hermeti- 
cally sealed  vessels  that  can  stand  great  pres- 
sure. 


From  recent  experiments  in  Germany  it  ap- 
pears that,  at  a  sufficiently  high  temperature, 
every  kind  of  glass  is  completely  soluble  in 
water.  Upon  pressure,  glass  dissolves  in 
water  at  410  degrees,  F.  Seawater  at  a  depth 
of  660  feet  will  not  boil  at  that  temperature, 
and  if  it  penetrates  the  earth's  crust  where 
the  temperature  is  equally  high  it  will,  apart 
from  the  pressure,  liquefy  the  silicates  or 
glassy  rocks.  The  experiments  point  to  the 
conclusion  that  at  a  depth  of  about  five  miles 
silicates  in  contact  with  water  are  virtually 
liquid,  and  that  the  level  of  aqueous  fusion  is 
five  times  nearer  the  surface  than  is  that  of 
igmous  fusion. 


The  total  output  of  all  the  air  compressor 
plants  employed  on  the  Panama  Canal  work 
during  the  year  ending  June  30,  1910,  was 
7,227,203,513  cu,  ft.  of  free  air  and  the  average 
cost  was  4.03  cts.  per  1,000  cu.  ft. 

Compressed  air  sewage  ejectors  were  in- 
stalled a  few  years  ago  in  Guildford,  England, 
to  raise  sewage  from  low  lying  areas  and  per- 
mit it  to  discharge  into  the  basins  at  the  sew- 
age treatment  works.  There  are  eight  of  these 
ejectors  in  use  with  capacities  ranging  from 
50  to  1,200  gals,  per  min.  The  compressed  air 
for  operating  them  is  furnished  by  a  power 
station,  located  adjacent  to  the  town  refuse 
destructor.  The  waste  heat  from  this  destruc- 
tor generates  sufficient  steam  to  drive  the  air 
compressors  which  raise  the  sewage. 
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Al.KXAN- 


WATIOR- 

'I'l'KN'KK. 


9Sr>.7S>2.      SrCTTON    AlU-STItAlMOK. 

i>KK    10n(1I.an'1>.    Wilkiiislmif?,    I'a. 
9Sr.,StM.        (.H)NTK()L-\'AI.VK       I<M)lt 

JACKlCTIOn     ITMPS.       Wai/pkh     \ 

1.  'I'iu'  c'oiiiltiMiition  witli  a  \vat<r  .iai'kttcd 
pump  for  I'OMiprt'ssiii^-  lliiid,  of  niraiis  ^oxcnifd 
by  Ihf  stai"tin>;'  and  slopping  of  tln"  i)ump  for 
controlling;"  tlu-  adndssion  o(  water  to  the  water 
jacket     of     the     pump,     said     means     beini;'     also 


:).sr..!i.s(;.    mioans  i-'ok  iM':.M()\'l\(;  air  i'Rom 

HVDKAILIC   'ritANSMISSl()N-(5l':AKS.      IlU- 
i>oi,i'    lOiMKUMANN,    Herlin,    (leruianv. 
'.•NC.oiN.        AIM-AKATl'S      {-'(Jit     Hl':(:  JSTIORING 

'rill-:    I'LOW    <)!•'    I'Ll'lKS.    Al.KKKI)  .1.    DlKHl'HKU, 
IMtlslMMK.    i'a. 

:iNt;.o!ts.     rNioi'MATic  <  n'!<:iiA'riN(;   uiovice 

I'oll  STKIOI-rr  AND  STATION   INI^ICATOHS. 
rKKICY    T.    SlMN'Iil.KU.    (!hicaK<»,    111. 

:tNt;.rjL'.      vaiai-:     mI':< 'nanism     i<'()r    air- 

COMI'RIOSSoRS.      Joii.v   A.^TicoM,    l'\»rt  Wayne, 

Ind. 
!tSi;,l(;o.      I'NIOl'MATK'-IIA.M.MIIK.      CiiAm.KS    n. 

I'-KKiSTii.    KiuKston,    I'a. 
ilSd.iCN.   LOCOMOTIVIO  TRAdv-SANIMOK,  .Toun 

li.   IIan'uon,  Somervllle,   Mjihh. 

1.  Tn  ;i  pneumatic  track  sander  the  conihlnn,- 
(ioii  of  a  sid)stant  ially  lioiizonlal  conduit  lead- 
ini;  to  an  air  nozzle,  a  sci'een  located  In  said  con- 
duit and  a  s<'coiul  conduit  enleriuK  said  lirst  con- 
duit at  a  point  Just  behind  said  .screen  and  .sub- 
stantially  jtarallel    to   said   screen. 
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adapted  to  cut  off  the  admission  of  water  upon  a 

pre-deterinined  reduction  in  the  pressure   of   the 

compressed  fluid. 

985,945.  VACUUM-CLEANER.  John  Francis 
Shea,  Philadelphia,  Pa. 

985.957.  RECEIVING  APPARATUS  FOR 
PNEUMATIC-DESPATCH  SYSTEMS.  Har- 
old D.  ■^''aterhouse,   Norfolk  Downs,   Mass. 

985.965.  PNEUMATIC  CLEANING  APPAR- 
ATUS. Erxest  L.  B.  Zimmer:  Minneapolis, 
Minn. 

985.966.  DEVICE  FOR  TAKING  MOISTURE 
OR  OTHER  VAPORS  OUT  OF  GASES. 
Horace  W.  Arnold,  Vancouver,  Wash. 

985,972.  TRACK-SANDING  DEVICE.  Fred- 
eric D.  BowEN  and  Menan  C.  Hagler,  Monett, 
Mo. 


986,293.  TUNNELING  AND  SHAFT-BORING 
MACHINE.     Franklin  M.  Iler,  Denver,  Colo. 

986,403.  SUCTION       CLEANING-MACHINE. 

David  P.  Moore  and  Samuel  B.  Pack,  Wash- 
ington,  D.   C. 

986,423.  FLUID-METER.  Edgar  P.  Coleman, 
Buffalo,  N.  Y.  ;  Robert  H.  Coleman,  adminis- 
trator of  said  Edgar  P.  Coleman,  deceased. 

MARCH   14. 

986,495.     PROCESS  OF  MAKING  GAS.     Joshua 

John  Nix,  Alhambra.  Cal. 

1.  The  method  herein  described,  of  making  a 
combustible  gas,  which  consists  in  precipitating 
carbonaceous  material  into  a  receptacle,  heating. 
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said  carbonaceous  material  with  a  restricted  sup- 
-  ply  of  air,  inducting  into  said  receptacle  a  supply 
of  powdered  carbon  by  aid  of  a  partial  vacuum, 
and  supplying-  to  said  first-mentioned  carbon  and 
said  powdered  carbon  within  said  receptacle  a 
supply  of  steam. 

986,502.       ROTARY    COMPRESSOR.      Amandus 
Charles      Roesslbr,      Wandsworth     Common, 
London,   England. 
986,577.       APPARATUS     FOR    THE     PRODUC- 
TION    OF     COMPRESSED     AIR.       Michael 
KiRiLLO WITCH   KiRiLLOFF,   Bakou,   Russia. 
1.     The  combination,  in  apparatus  for  the  pro- 
duction  of   compressed   air,   of  a  bottomless   Dell, 
a  tubular   extension   connected   at  the   upper  end 
thereof,  a  closing  cap  for  the  upper  end  of  said 
tubular  extension,  and  a  concentrically  arranged 
receptacle  within  the  aforesaid  tubular  extension 
fitted-  at  its  lower  end  with  a  valve  for  effecting 
communication'  between  the   bottomless  bell   and 
said    concentric    receptacle,    substantially    as    set 
forth. 

986,663.      ARTIFICIAL-GAS    BURNER.      Jacob 
Weintz,   Cleveland,   Ohio. 

1.  A  ga.s  burner,  comprising  three  concentric 
tubes  having  a  common  orifice,  a  gas  supply  pipe 
connected  with  one  of  the  tubes,  an  air  supply 
pipe    connected    with    another    of    the    tubes,    the 


rounding  channel  in  communication  with  the 
chamber,  a  steam  pressure  outlet  from  the  chan- 
nel, a  piston  chamber  and  a  piston  therein,  ad- 
justable means  to  limit  the  piston's  movements, 
resilient  means  to  force  the  piston  to  close  the 
steam  pressure  entrance,  and  cushion  its  return 
movement ;  an  air  pressure  entrance  to  the  piston 
chamber,  a  spindle  valve  adapted  to  close  said 
entrance,  and  a  diaphragm  operative  by  air  pres- 
sure to  move  away  from  the  spindle  valve  and 
open  the  air  pressure  entrance  to  the  piston 
chamber. 

MARCH  21. 

987,137.     APPARATUS  FOR  BLOWING  GLASS 
CYLINDERS.     Harry  F.  Hitner,  Mount  Ver- 
non, Ohio. 
987.158.      POWER-GENERATOR.      William    J. 
Neilson,  Elmhurst,  N.  Y. 

1.  A  generating  chamber,  a  perforated  mixing 
chamber  therein,  means  for  injecting  air  into 
said  mixing  chamber,  means  for  injecting  hydro- 
carbon into  said  mixing  chamber  including  a 
coil  surrounding  said  mixing  chamber,  and  means 
foT'  injecting  water  into  said  generating  chamber 
including  a  perforated  coil  surrounding  the  said 
mixing  chamber,  for  the  purpose  and  substan- 
tially in  the  manner  described. 


986663 
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third  tube  being  divided  into  a  plurality  of  longi- 
tudinal passages  communicating  at  their  outer 
ends  with  the  atmosphere,  and  means  for  con- 
trolling such  communication. 

986,672.        COMBINATION      PRESSURE-GAGE 
AND     PUMP     CONNECTION     FOR     PNEU- 
MATIC   TIRES.      Davis    Barnard,    Los    An- 
geles    Cal 
986,752*.      BLOWING-ENGINE    OR    COMPRES- 
SOR.    GusTAV  B.  Petsche,   Philadelphia,  Pa. 
986,797.      STEAM,    AIR,    AND   WATER    TRAP- 
VALVE.     John  E.  Boegen,  Berwyn,  111. 
986,907.       RESPIRATORY     APPARATUS     FOR 
FIREMEN  OR  OTHERS.  Charles  E.  Chapin, 
Elmhurst,  Cal. 
986,949.        PNEUMATIC      HOISTING-ENGINE. 
John  S.  Shields  and  William  Lamb,  Detroit, 
Mich. 

VEHICLE-SPRING.       Carlos     Esca- 
and    Jose    Patricio    Sirgado,    Merida, 


986,969. 
lante 
Mexico 

986,970. 


AIR-LOCK.      William    H.    Flaherty, 

New  York.  N.  Y. 
987,080.         STEAM      AIR-PUMP      GOVERNOR. 

William  K.  Rankin,  Philadelphia,  Pa. 

1.  In  a  steam  air-compressor  governor,  a  cham- 
ber  having   a   steam   pressure    entrance,    a   sur- 


987,160.  CONSTANT-PRESSURE  INTERNAL- 
COMBUSTION  APPARATUS.  Edward  P. 
Noyes,   Winchester,   Mass. 

1.  A  generator  for  constant-pressure  internal- 
combustion  motor-systems  comprising  a  closed 
combustion-chamber,  a  burner  at  the  entrance 
thereof  having  passages  for  compressed  air  and 
fuel,  an  automatic  resistance-valve  at  said  en- 
trance operated  by  the  pressure  of  one  of  said 
fluids  for  controlling  one  or  more  of  the  fluids, 
and  means  in  the  path  of  one  of  the  fluids  imme- 
diately back  of  the  point  of  issue  thereof  for  pro- 
ducing a  twisting  motion  of  said  fluid  in  the  co.m- 
bustion-chamber. 
987,248.       DEVICE    FOR    FEEDING    LIQUIDS. 

Carl  Martini,   Berlin,  Germany. 
987,454.       AIR-BRAKE.       John     W.     Erskine, 

Mount  Hope,  W.  Va. 
987,475.        WATER-DISTRIBUTING      SYSTEM. 
Herbert    Edwin    Martin,     Colorado    Springs, 
Colo. 

1.  A  water  distributing  system,  comprising  a 
tank  adapted  to  be  immersed  in  water,  and  hav- 
ing on  its  inner  side  near  the  bottom  a  ball  valve, 
a  pipe  leading  from  near  the  bottom  of  the  tank 
out  through  the  top  thereof  and  provided  with  a 
faucet,   an  air  pipe  leading  from  the  top  of  the 
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tiink.  a  conipitsMi'd  all  lank  to  vvliidi  llif  air  pipe 
is  coiiiuc^tril,  uii  all"  puiM|),  ;i  llcxililc  pi|)«'  con- 
ru'CliiiK  tln>  pump  vvitli  air  pip*-,  uikJ  valvts  in  the 
air  plp«'.  one  on  fuch  .side  of  l\u^  coiim-ct ion  of 
llif  piiiiip  with  llic  Haici  i>ipf.  l\u'.  valve  fartlicst 
Cioin  the  air  lank  IxImk  a  thrri'-way  valvr  and 
liavin^f  an  opening  in  its  casinK  with  wlilcii  one 
III  tin-  ports  of  lln'  valve  is  adapted  to  reKlsLer. 
!ts7. .".?-,.  I'MOIIMATK!  ACTION  l<'()K  MUSICAL 
INS'I'KIIMION'I'S.  Otto  IIkiki-,  Toronto,  On- 
tario,  ("anada. 

:t,s7.t;7:».     aiii-iji't    dispi.acemfont   pump. 

I'ltANK  S.  Mii.LKi:.  Indianapolis,  Ind. 
1.  In  a  <iisplactinent  i)unip  system,  the  com- 
liination  witli  a  pair  of  tanks  liavitiK  inlet  and 
'I'iivery  pipes,  and  a  compressor  having  delivery 
I'ipes  h-adinK  into  llie  two  tanks,  of  a  valve  for 
■  "Mt  i-oliinj?  Ilow  of  all'  to  and  from  said  tanks, 
III  air  meter  arranKfMl  l)etween  the  f:ompr(!SSor 
iiid  said  valve,  and  intermediate  connections  be- 
tween said  meter  and  valve  for  controlling  th 
in(»\<  ineiiL   of   tlie  valve. 

MARCH   28. 

:tS7,729.  LIQUID  AIR-LIFT.  August  Long, 
Richmond,  Va. 

:iS7,82n.  VACUUM  CLEANING  APPARATUS. 
I'lTMAN  W.   Paukkk,   San  Diego,  Cal. 

i)S7,837.  APPARATUS  FOR  DRYING  GRAIN. 
Gray  Staunton,  Chicago,  111. 

987,870.  PUMPING  MECHANISM  FOR  VAC- 
UUM-CLEANERS. Abraham  Lincoln  Frame, 
Reading,   Pa. 

987,912.  AIR-COMPRESSOR.  William  Prell- 
wiTZ,  Easton,  Pa. 

987.938.  HEAT  -  ACTUATED        GAS  -  PUMP. 

Charles   A.    Anderson,   Chicago,   111. 

987,968.  METHOD  OF  SIPHONING  FLUID. 
Rowland  W.   Davies,   Pittsburg,   Pa. 

987.990.  CONTROLLING  DEVICE  FOR  PNEU- 
MATIC PIANO-PLAYERS.  Henry  S.  Horn- 
BECK,  Elizabeth,  N.  J. 

988.158.  SUCTION  DUST-REMOVING  APPAR- 
ATUS. Harry  WniTFiELD.London,  and  Samuel 
Laing  Whitfield,   Bedford  Park,   England. 
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FIG.  I.     COMPRESSOR  HOUSE  AT  HIGH   FALLS,   N.  Y. 


THINGS    WORTH  WHILE  IN  COM- 
PRESSED AIR  PRACTICE 

By   Frank   Richards. 

To  those  most  familiar  with  compressed-air 
practice  in  the  United  States,  it  would  seem 
that  the  possible  economies  and  the  best  ef- 
ficiencies have  been  worked  out  and  adopted 
quite  slowly,  if  not  almost  with  reluctance. 
And  yet  the  period  covered  from  the  beginning 
of  the  modern,  and  now  general,  employment 
of  compressed  air  for  power  and  other  pur- 
poses is  not  much  more  than  a  quarter  of  a 
century.  It  was  adopted  at  first  upon  compul- 
sion  and   not  by  choice.     For   the   driving  of 


rock  drills  in  tunnels  and  mines  there  was  no 
other  means  in  sight,  and  its  employment  be- 
came imperative  also  for  resisting  the  inflow 
of  water  where  men  were  employed  below 
water  level,  for  example  in  the  sinking  of 
caissons  for  bridge  piers  and  other  founda- 
tions. 

These  and  the  numerous  other  industrial 
uses  of  compressed  air  which  have  so  rapidly 
developed  have  made  a  sure  and  permanent 
business  for  compressor  builders ;  yet,  while 
compressed  air  was  thus  adopted  with  the  evi- 
dent assurance  that  its  employment  was  to 
continue    and    to    constantly   grow,    there    was 


r)o6o 
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rarely  any  appiri-iu  attempt  to  K<^t  tlu-  most 
out  i>t  it  for  the  least  possible  cost.  1  lu-  eom 
pressinj^;  plant,  almost  always  steam  driven, 
was  j^enerallv  <>f  a  proxisional  or  temp(»rary 
character  ami  wastetiil  in  nearly  e\ery  partic- 
ular. The  typical  air  compressor  of  that  day, 
the  stantlard  conipreN>ttr  of  the  most  promi- 
iieiU  huilders,  was  a  plain  slide-valve  steam 
cnjjine  with  a  sinj^le-stage  air-compressing 
cylinder;  steam  was  furnished  by  any  old  boil- 
er which  could  be  made  available;  engineers 
and   riremi-n   had   a    hard   time   of   it,   and   com- 


alnad)  to  scientists  and  investigator.s,  and  it 
lias  now  become  known  and  been  practically 
.ipplied  by  engineers. 

Mil      l'l<l\(  ll'AI,    KiONoMIK.S    AT     IIIK    STK.V.M     K.NI). 

Ill  tile  stc'.imdiix  i-n  air-compressing  plant, 
[\\i-  imi)rovements  have  been  greater  in  the 
steam  drive  than  in  the  air  compre.ssion.  Al- 
though, owing  to  the  character  of  the  work,  a 
large  air-compressing  plant  is  frequently  to  be 
regarded  as  a  temporary  one  (as,  for  instance, 
for  the  tnmiel  and  subway  and  railway  statU)n 


FIG.  2.     INTERIOR  OF 

pressed  air  was  charged  and  discredited  with 
the  wastefulness  of  the  entire  system." 

Without  going  into  figures  at  all,  it  is  quite 
safe  to  say  that,  in  typical  and  entirely  up-to- 
date  plants  of  the  present  day.  the  air  is  deliv- 
ered much  more  satisfactorily  and  reliably, 
and  at  not  more  than  one-third  of  the  net  cost 
for  fuel  and  labor  as  compared  with  the  ma- 
jority of  plants  of  only  20  years  ago.  This 
astonishing  advance  and  improvement  has  not 
come  in  consequence  of  any  new  discoveries 
which  have  been  made  relating  to  principles 
involved  in  compressing,  transmitting  or  using 
compressed  air.  nor  of  any  revolutionary  me- 
chanical inventions  in  this  field.  Practically 
all  that  is  known  about  air,  its  properties  and 
its  action  under  given   conditions  was  known 


CJMPKESSOR   HOUSF. 

excavations  of  New  York  City,  or  on  the  large 
contracts  of  the  Catskill- Aqueduct)  still  it  is 
found  to  pay  to  install  all  the  devices  and  ar- 
rangements of  an  economizing  character  which 
would  belong  to  the  most  permanent  lines  of 
employment. 

In  the  magnificent  installation  of  the  T;  A. 
Gillespie  Co.  for  the  Rondout  Siphon,  at  High 
Falls.  N.  Y.,  part  of  the  new  Catskill  Aque- 
duct system,  all  the  familiar  steam  economizing 
devices  were  employed,  such  as  high-pressure 
steam  (150-lb.)  and  compound  steam  cylinders, 
with  condensers,  feed-water  heaters  and  econ- 
omizers. This  installation,  by  the  way.  is  be- 
lieved to  be  the  largest  high-pressure  air-com- 
pressing plant  in  the  world. 

Tt    is    customary   to   think   onlv   of   the    fuel 
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saving  in  such  a  case  as  this,  bat  the  labor  sav- 
ing also  cuts  a  hgure  which  quite  compels  no- 
tice. Here  were  ten  large  duplex  Corliss,  com- 
pound steam,  two-stage  air  IngersoU-Rand 
compressors  running  day  and  night  up  to  full 
capacity,  developing  over  4,000  HP.  and  deliv- 
ering 24,000  cu.  ft.  of  free  air  per  minute  com- 
pressed to  no  lbs.  gage,  using  100  to  no  tons 
of  "birdseye"  coal  per  day,  with  hand  firing ; 
and  yet  the  entire  operating  force,  including 
engineer-in-charge,  was  only  eight  men  to  each 
8-hr.  shift. 

Fig.  I  gives  a  general  view  of  the  exterior 
of  this  plant  and  Fig.  2  shows  as  much  of  the 
interior  of  the  compressor  room  as  it  seems 
to  be  possible  to  get  into  a  single  view.  As 
descriptions  of  this  interesting  plant  have  been 
published.*  it  is  not  necessary  here  to  go  more 
into  details,  except  upon  the  special  topic  be- 
fore us,  and  thus  we  come  at  once  to  one  of 
the  things  worth  while  which  are-  there  em- 
plo3^ed,  but  which  are  not  as  generally  adopted 
as  they  should  be. 

AFTERCOOLERS. 

An  aftercooler  is  a  desirable  addition  to  an 
air  compressor.  It  at  once  brings  the  air  down 
to  nearly  normal  temperature,  thus  reducing 
its  volume.  This  saves  pipe  friction  and  some- 
times even  permits  the  use  of  a  line  pipe  of 
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FIG.  3,      AFTERCOOLER   AND  RECEIVER. 

somewhat    smaller    diameter.       In    the    High 
Falls  plant,  there  is  a  large  and  efficient  after-, 
cooler  connected  to  each  pair  of  compressors, 
through  which  all  the  air  passes  before  enter- 
ing the  distributing  pipe.     One  of  these  after- 


FIG.  4.      INTAKE   AND  DELIVERY   PIPES. 
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CDolcr^  with  its  coinpaiiioii  an  iixci\cr  is  .sciii 
in  I'i^.  J,.  riic  air  froiu  tin.-  compressors 
enters  the  aftercooler  at  tlic  top  aiul  passes 
out  «>l"  ii  at  the  Ix'itoni  inlo  the  air  receiver, 
and  tlien  out  ot  the  air  receiver  near  the  top  at 
the  side  towanl  the  wall  througii  a  pipe  which 
cannot   he  M'eii   m  tins  \iew. 

The  cooling  surface  proviiled  in  the  after- 
cooler  consists  of  a  large  tunnher  of  vertical 
brass  tubes  of  small  diameter,  and  as  the  water 
is  inside  the  Inhes.  with  only  sufficient  head 
to  cause  the  proper  circidation.  while  the  air 
pressure  is  outside  the  tubes,  they  can  be  made, 
and  are  UKule,  \ery  thin.  These  tubes  are  ac- 
curately spaced  to  gives  the  same  air  space 
arounil  each,  and  as  the  symmetrical  grouping 
of  circular  ligures  naturally  assumes  the  hexa- 
gon, the  steel  shell  of  the  aftercooler  is  made 
of  this  shape  (as  shown  in  Fig.  3)  to  corre- 
spond, leaving  about  the  same  air  space  around 
the  tubes  as  between  them.  The  total  air 
space  corresponds  to  the  capacity  of  the  air 
pipe,  so  that  in  the  movement  of  the  air 
through  the  aftercooler  all  the  cooling  surface 
of  the  tubes  is  effective  without  the  use  of 
baffle  plates  or  other  devices.  The  water  cir- 
culates upward  through  the  tubes  wdiile  the  air 
flows  downward  around  them,  the  final  cool- 
ing of  the  air  thus  being  done  by  the  coolest 
water. 

In  the  view  of  a  part  of  the  outside  of  the 
compressor  house,  Fig.  4,  we  see  the  air  pipes 
leading  from  the  receivers  down  to  the  line 
pipe  in  the  ground.  The  upright  boxes,  against 


FIG.  5.      SEPARATOR  IN   MAIN. 

the   building  with   wire   gratings   at   sides   and 
top  enclose  the  air  intake  pipes. 

SEPARATING    THE    WATER    FROM    THE    AIR. 

Besides  the  cooling  of  the  air  and  the  re- 
duction of  volume  effected  by  the  aftercooler, 
a  more  important  service  expected  of  it  is  the 


FIG.  7.     AIR  PIPE  CROSSING  HIGHW^AV. 

elimination  of  the  surplus  water  in  the  air 
after  compression.  All  free  air  as  taken  into 
the  compressor  contains  much  moisture,  the 
normal  amount  being  say,  one-half  as  much  as 
would  completely  saturate  it.  Then  when  the 
air  is  compressed,  as  in  this  case,  to  one-eighth 
of  its  normal  volume,  there  is  certain  to  be  a 
lot  more  water  than  the  air  will  sustain.  This 
surplus  w^ater,  if  not  got  rid  of,  becomes  a 
source  of  serious  trouble  both  in  the  transmis- 
sion of  the  air  and  in  the  ultimate  use  of  it  in 
drills  or  elsewhere. 

When  the  air  is  at  its  highest  pressure  and 
at  its  lowest  temperature,  as  it  should  be  just 
after  passing  the  aftercooler,  both  the  high- 
pressure,  or  reduced  volume,  and  the  low 
temperature  are  conditions  which  reduce  the 
moisture-bearing  capacity  of  the  air,  and  then 
is  the  time  when  the  air  will  surrender  the 
greatest  amount  of  water.  Water  and  oil  are 
accordingly  deposited  in  the  air  receiver  and 
can  be  drawn  ofif  as  frequently  as  the  ac- 
cumulation ma\^  demand. 
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This  is  quite  simple  in  the  telling  of  it,  but 
in  practice  only  partial  and  unsatisfactory  re- 
sults are  secured  by  this  arrangement.  Water 
in  air,  when  not  in  sufficient  quantity  to  sat- 
urate it,  is  evenly  distributed  all  through  the 
air  as  invisible  vapor.  After  the  saturation 
point  is  reached,  the  surplus  water  will  still 
be  distributed  all  through  the  mass  of  air, 
but  this  time  as  actual  and  to  some  extent  vis- 
ible globules  of  water.  These  are,  of  course, 
heavier  than  the  air  and  in  time  would  de- 
scend through  the  air  as  a  kind  of  rain  and 
accumulate   along  the    line  of  pipe   or   in    any 


largement  of  it,  and  the  air  passes  through  it 
in  the  regular  course  of  business.  As  it  passes 
through  this  separator  it  zigzags  up  and  down 
past  the  baffle  plates  and  deposits  the  water 
upon  their  surfaces.  This  water  accumulates 
in  considerable  quantities,  and  is  drawn  or 
blown  off  by  the  little  vertical  pipe  shown  in 
the  sketch.  The  bafflle  plates  at  the  bottom 
of  the  separator  have  holes  or  passages 
through  them  so  that  all  the  accumulated  wa- 
ter can  reach  the  blow-off  pipe.  On  account 
of  the  pressure  always  existing  in  the  separa- 
tor,   the    water    may    be    drawn    off    from    the 


FIG.  6.     KETTRING  SEPARATOR  IN   PIPE   LINE. 


containing  vessel  when  the  movement  was  suf- 
ficiently slow  and  protracted.  In  the  rush 
of  the  air  through  the  ordinary  receiver  or 
pipe  line,  however,  all  the  water  has  not  the 
time  to  settle,  and  much  of  it  may  be  carried 
along  to  where  it  will  constitute  an  annoy- 
ance or  a  source  of  much  inconvenience. 

SEPARATOR    IN    PIPE   LINE. 

This  W3S  just  the  experience  at  the  High 
Falls  plant.  The  water  could  not  be  satis- 
factorily removed  at  the  receivers  and  there 
was  trouble  at  the  drills.  Then  the  separator, 
the  design  and  operation  of  which  are  suf- 
ficiently indicated  in  Fig.  5,  was  connected 
into  the  pipe  line  near  the  power-house.  The 
pipe    being   horizontal,    this    is    simply   an    en- 


top,  as  shown,  as  easily  as  from  the  bottom. 
The  plant  of  another  Catskill  Aqueduct 
contractor,  that  of  George  W.  Jackson,  Inc., 
contract  No.  54,  near  Dunwoodie,  N.  Y.,  is 
quite  different  from  the  one  at  High  Falls. 
This  contract  covers  about  three  miles  of  tun- 
nel, in  clean,  solid  rock,  driven  from  three 
shafts  and  a  portal,  giving  seven  headings  to 
work  at.  The  compressor  plant  comprises  six 
two-stage  Ingersoll-Rand  compressors  with  a 
total  free-air  capacity  less  than  one-half  of 
that  at  High  Falls.  These  compressors  are 
driven  by  electric  motors  which  take  current 
from  a  power-house  in  the  city  of  Yonkers. 
There  are  no  aftercoolers  here,  so  that  the 
air   .as   it   leaves   the   compressors   and    passes 
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through  the  rocci\i'i".s  is  not  then  cool  enough 
to  siiirciulcr  its  moisture  as  it  should.  As  st 
Mows  alonv;  through  the  pii)es,  however,  its 
temperature  soon  falls  and  the  water,  as  wc 
luiKlu  say.  forms  a  rain  in  the  pipe  and  ac- 
cumulates in  a  flowing  stream  along  the  bot- 
tom. .\s  the  pipe  it  not  level  but  follows  the 
lips  and  down  of  the  ground  surface,  oppor- 
tunities for  tlrawing  olT  the  water  arc  of- 
fered at  the  low  points,  and  at  several  of  these 
points  ctTective  separators  or  draining  cham- 
bers have  been  inserted,  designed  by  Mr.  N. 
R.  Kettring,  the  master  mechanic  who  had 
charge  of  the  installation. 

This  separator  is  a  simple  cast-iron  cylinder 
with  tlanges  to  which  cast-iron  heads  are 
bolted.  The  heads  are  bored  eccentrically,  as 
shown,  and  threaded  for  the  pipe.  The  ec- 
centricity brings  the  top  of  the  line  pipe  at 
the  top  of  the  cylinder,  so  that  the  water  ac- 
cumulates in  the  bottom  and  may  be  drawn 
off  as  required.  The  line  pipe  is  partly  8-in. 
and  party  6-in.  The  same  size  of  cylinder  is 
used  for  either  size  of  pipe,  the  heads  being- 
bored  and  threaded  for  either  size  as  required. 
The  cylinder  is  20  ins.  in  diameter  and  5  ft. 
long. 

On  a  smaller  pipe  line  I  have  known  a  sat- 
isfactory water  pocket  to  be  formed  by  in- 
serting in  the  line  a  tee  of  about  double  the 
pipe  diameter  and  bushed  at  each  end  to  fit 
the  pipe.  In  the  side  opening  of  the  tee, 
pointing  downward,  was  inserted  a  short  piece 
of  pipe  the  full  size  of  the  tee,  closed  at  the 
bottom  with  a  cap  and  a  draincock. 

In  Fig.  6  we  see  one  of  Mr.  Kettring's  sep- 
arators picturesquely  located  at  the  low  point 
of  the  6-in.  pipe  line  between  shaft  No.  i  and 
the  portal  at  the  northwest  end  of  this  con- 
tract. 

TIGHT    PIPING. 

Fig.  7  is  the  portion  of  the  line  just  beyond 
the  view  in  Fig.  6,  this  view  being  taken  from 
the  other  side  of  the  pipe.  The  line  is  here 
carried  over  a  highway  much  frequented  by 
automobiles  and  other  traffic.  From  this 
point,  the  pipe  is  led  by  an  easy  slant  to  the 
ground,  along  which  it  then  descends  steeply 
until  the  scene  of  Fig.  8  is  reached  •  at  the 
side  of  and  immediately  overlooking  the  por- 
tal approach. 

In  these  three  views,  we  get  a  glimpse  of 
perhaps  one-eighth  of  the  main  pipe  line  for 
this    contract,    suggesting    the    difficulties    en- 
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FIG.  9.      INTAKE  STR.AI.XKK    AND  COOLFH, 

countered  in  the  piping  job  as  a  whole.  The 
piping  is  all  bottle-tight,  and  it  may  be  said 
that  if  tight-piping  could  be  had  here  it  can 
be  had  anywhere,  and  air  leakage  is  not  a 
thing  which  should  be  expected  or  permitted. 

REHEATERS. 

The  air  receiver  seen  in  Fig.  8  is  54  ins.  in 
diameter  and  12  ft.  high.  Similar  receivers 
are  located  at  each  of  the  shafts,  to  steady  the 
w^orking  pressure  and  also  to  provide  a  final 
opportunity  for  the  accumulation  of  any  water 
that  may  still  be   uncollected. 

In  Fig  8  is  shown  also  a  reheater  by  which 
the  air  is  heated  before  passing  to  the  air- 
operated  steam  shovel  wdiere  it  is  used.  There 
are  ten  of  these  reheaters  installed  upon  this 
contract,  located  as  near  as  possible  to  the 
pumps,  hoists,  etc.,  where  the  air  is  used.  They 
considerably  increase  the  volume  of  the  air 
just  before  it  does  its  work  and  also  prevent 
the  possibility  of  freezing  up  at  the  exhaust 
Reheaters  are  of  course  not  used  for  the  air 
consumed  in  the  tunnel  itself  for  driving  the 
drills,  and  are  general!}-  inapplicable  where 
the  air  is  used  only  intermittently.  Especially 
for  driving  pumps,  however,  the  saving  by  the 
use  of  reheaters  is  quite  appreciable,  although 
even  for  this  service  reliable  figures  from  act- 
ual practice  are  elusive. 

FILTERI.N'G      AXD      COOLIXO      INTAKE      AIR. 

It  need  not  here  be  said  that  air  as  it  en- 
ters the  compressor  cylinder  should  be  as  cool 
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and  as  free  from  dust  as  possible,  and  in  per- 
haps the  majority  of  the  more  recent  instal- 
lations some  attempt  has  been  made  to  se- 
cure this  condition,  but  more  might  and  should 
be  done.  The  arrangement  adopted  is  usually 
merely  to  lead  in  an  air  conduit  from  outside 
the  building  and  to  so  protect  the  opening 
that  cats  cannot  be  sucked  in,  or  to  pipe  from 
the  rcof  instead  of  taking  the  air  from  the 
engine  room  itself. 

An  interesting  and  effective  device  for  se- 
curing cool  and  pure  air  for  compressors  is 
in  use  at  a  plant  of  the  Associated  Oil  Co., 
at  Kernville,  Cal,  in  the  Bakersfield  oil  dis- 
trict. This,  or  its  equivalent,  was  an  abso- 
lute necessity  there,  as  the  region   is  hot  and 


of  the  scantling  between  the  two  layers  of 
burlap.  This  provides  on  every  side  two 
separate  filtering  surfaces  for  the  air  to  pass 
through.  Right  over  the  center  of  the  frame 
is  located  an  ordinary  revolving  lawn  sprink- 
ler, with  vertical  axis,  which  slowly  turns 
and  keeps  all  the  surfaces  constantly  satu- 
rated and  dripping  with  water.  The  burlap 
in  this  case  soon  catches  so  much  dust  that  it 
can  be  scraped  off  in  considerable  quantities, 
so  that  it  is  frequently  necessary  to  souse  the 
filter,  inside  and  out,  with  a  hose.  The  frame 
can  be  easily  lifted  off  the  intake  and  turned 
over  to  expose  the  inside  for  the  washing. 

This    device    not    only    effectually    separates 


FIG.  8.     RECEIVER 

the  air  is  always  loaded  with  dust.  The  de- 
vice is  so  eminently  common-sensible,  and  in 
use  has  proved  so  satisfactory  that  it  is  to  be 
recommended    for    general    adoption. 

This  air  filter  and  cooler  is  located  outside 
the  compressor  house,  with  the  hooded  intake 
air  pipe  standing  up  in  the  middle  of  it  as 
shown  in  the  sketch.  Fig.  9.  There  is  just  a 
rectangular  frame,  or  skeleton,  made  of  light 
scantlings  put  together  by  a  carpenter.  The 
four  sides  and  the  top  of  the  frame  are  cov- 
ered with  common  burlap,  tacked  on,  and  the 
inside  is  similarlv  covered,  with  the  thickness 


AND  REHEATER. 

the  dust  from  the  air  but  cools  it,  through  the 
evaporation  of  the  water,  and  the  air  enters 
the  cylinder  in  unusually  good  condition. 
The  intimate  contact  of  the  water  with  the 
air  and  the  probable  absorption  of  more  or 
less  water  by  the  air  has  no  effect  upon  the 
dryness  of  the  air  after  compression.  For  in 
any  case  the  compression  and  the  subsequent 
cooling  of  the  air  will  leave  it  more  than 
saturated,  so  that  there  will  surely  be  free 
water  in  the  air  to  be  gotten  rid  of,  and  a 
little  more  or  less  will  make  no  difference. — 
Ens.wcerino  News. 
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THE   AIR   BRAKE   UP   TO   DATE 

1>N     A.    Si  I  (.  M. 

Sii^ppiiig  a  heavy  pas.scii^cr  train  running 
at  a  spt'cil  oi  alH)Ut  70  nnk-s  per  lu»nr  witlnn 
l,cxx>  feet  is  a  reCDrd  which  is  usually  not  fully 
appreciated,  ant!  the  innumerable  tasks  which 
forced  themselves  upon  the  Westinghouse  Air 
Brake  Company  during  the  last  40  years  called 
for  an  almost  mdimited  resourcefulness  and 
ingenuit\-.  There  are  several  other  air  brake 
comi)anies  which  are  also  entitled  to  a  great 
deal  of  credit,  but  the  abo\e  mentioned  com- 
pany having  been  the  pioneer  in  this  ticld,  their 
etiuipment  will  be  mentioned  in  a  brief  wa^^ 

As  matters  stand  now  on  freight  trains  the 
automatic  brake  is  used  exclusively ;  i.  e.,  each 
car  carries  its  brake  cylinder  and  its  air  reser- 
voir and.  in  case  the  train  breaks  in  two,  the 
brakes  are  auttniiaticall\'  applied.  These  reser- 
voirs are  charged  from  the  engine  through  the 
train  pipe,  and  the  control  of  application  at 
each  car  is  obtained  by  varying  the  pressure 
in  the  train  pipe.  If  reduced,  the  brakes  go  on, 
if  restored,  the  brakes  release  and  the  reservoir 
is  re-charged.  Tn  order  to  reach  the  last  cars 
of  a  long  train  quickly,  and  in  order  to  get  a 
higher  average  pressure  into  the  brake  cylin- 
der in  case  of  emergency,  a  great  reduction  in 
the  train  pipe  pressure  will  set  the  valves, 
called  triple  valves,  so  that  the  train  pipe  helps 
to  fill  the  brake  cylinder  up  to  a  certain  point, 
and  by  so  doing  reduces  its  own  pressure,  and 
consequently  the  reduction  travels  much 
quicker  towards  the  rear  of  the  train  than 
would  be  the  case  if  all  the  air  would  have  to 
escape  through  an  opening  at  the  engine.  This 
feature  has  been  found  to  be  so  valuable  that 
in  order  to  meet  the  requirements  of  control- 
ling the  long  trains  of  to-day  it  is  now  applied, 
to  a  certain  extent,  in  ordinary  service  stops. 
The  only  difference  is  that  the  air  in  rushing 
from  the  train  pipe  into  the  brake  cylinder  is 
passing  through  a  restricted  opening.  The  K 
triple  valve  of  the  above  mentioned  company 
is  of  this  construction. 

On  passenger  cars  safety  is  doubly  impor- 
tant. The  fact  that  at  high  speeds  the  brake 
shoe  pressure  can  be  greater  withotit  sliding 
the  wheels  than  with  slow  speeds,  has  been 
made  use  of  in  designing  the  high  speed  brake. 
Here  a  high  braking  pressure  is  first  applied 
while  the  train  is  moving  fast,  and  as  it  slows 
down  the  pressure  in  the  brake  cylinder  is 
gradually  allowed  to  escape  through  the  open- 


ing of  the  high  speed  reducing  valve.  Of 
course  the  system  is  based  on  the  automatic 
principle  all  the  way  thr(»ugh. 

With  (he  cars  still  increasing  in  weight  and 
ninviug  at  ever  increasing  .speeds,  another  sys- 
tem has  been  developed  whereby  a  large  addi- 
tional reservoir  is  placed  under  each  car  to  be 
used  only  in  emergency  cases.  The  class  L 
tripk-  \al\e  used  in  this  case  has  a  by  pass 
val\e  which  is  operated  by  a  large  reduction  in 
the  train  pipe  pressure,  thereby  allowing  the  air 
from  the  additional,  or  supplementary,  reser- 
voir to  help  the  ordinary  or  auxiliary  reservoir 
to  lill  the  brake  cylinder.  In  an  ordinary  or 
service  application,  this  by  pass  valve  is  not 
moved  and  the  air  from  the  auxiliary  reser- 
voir, and  a  restricted  amount  from  the  train 
pipe,  alone  enter  the  brake  cylinder.  In  order 
to  be  sure  that  the  pressure  in  the  brake  cylin- 
der does  not  exceed  a  predetermined  amount, 
a  safety  valve  of  large  capacity  is  also  used. 
This  is  called  the  controlled  system. 

The  locomotives  of  later  designs  •  are  so 
equipped  that  they  may  be  operated  in  unison 
with  the  automatic  brakes  used  on  all  trains, 
or  they  may  be  operated  independently  from 
the  train.  In  this  latter  case  straight  air  is 
used,  as  this  affords  the  simplest  and  best 
means  to  graduate  the  braking  pressure  at  a 
short  range.  A  specially  designed  distributing 
valve  allows  but  one  system  to  be  cut  in  at  any 
one  time.  This  equipment  is  commonly  called 
the  E.  T.  equipment. — Engineers'  Society  of 
Western   Pennsylvania. 


LOW  RATES  OF  THE  NEWHOUSE 
TUNNEL 

The  management  of  the  Newhouse  tunnel, 
which  extends  from  Idaho  Springs  to  the  Gun- 
nell  mine  in  Gilpin  county,  Colorado,  has  an- 
nounced reduced  terms  for  ore  transportation 
through  the  tunnel  and  for  compressed  air, 
the  avowed  aim  being  to  stimulate  operations 
along  the  route.  The  Newhouse  tunnel  tra- 
verses more  than  four  miles  of  country. 

The  new  terms  provide  for  a  decrease  of 
20  cents  per  ton  in  the  transportation  of  ores 
valued  at  $6  per  ton  or  less,  and  a  flat  re- 
duction of  about  50  per  cent,  in  the  charges 
for  compressed  air.  These  new  rates,  accord- 
ing to  the  of^cials  of  the  tunnel  company, 
barely  cover  the  actual  cost  of  supplying  the 
service  at  this  time,  but  it  is  expected  that  a 
much  greater  volume  of  business  will  at  once 
result. — Mining   World. 
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"WORK  ON    PRACTICAL  LINES 

By  W.  L.  Saunders.* 

Back  in  New  Jersey  a  gentleman  visiting 
one  of  the  public  schools  was  unexpectedly 
asked  to  make  an  address.  While  standing 
before  the  school,  endeavoring  to  collect  his 
thoughts,  he  said :  "Now,  boys,  what  shall  I 
speak  about?"  A  little  fellow  on  the  front 
row  with  a  shrill  voice  called  out,  "What  do 
you  know?"  When  President  McNair  hon- 
ored me  with  an  invitation  to  make  this  ad- 
dress I  accepted  so  promptly  that  it  did  not 
occur  to  me  at  the  time  to  ask  what  he  wanted 
me  to  talk  about.  To  my  later  letter  asking 
this  question  came  the  following  reply: 

"The  subject  we  have  uniformly  left  wholly 
to  the  speaker.  The  young  men  whom  he  ad- 
dresses will  shortly  after  begin  leaving  the 
college  for  jobs  of  some  sort  in  the  mining 
world.  Whether  he  speaks  along  lines  sug- 
gested by  that  fact,  or  upon  some  particular 
phase  of  mining  life,  or  of  the  engineer's  gen- 
eral relation  to  things,  seems  to  us  not  so  im- 
portant as  that  he  speaks  of  something  which 
makes  a  strong  personal  appeal  to  him,  and 
on  which,  because  of  that  fact,  he  can  appeal 
to  the  men  before  him." 

The  position  taken  here  is  a  very  wise  one. 
His  letter  is  a  classic.  Lord  Burleigh  could 
not  have  given,  and  did  not  give,  better  advice 
to  his  son ;  Hamlet  did  not  more  wisely  In- 
struct the  players.  Reading  between  the  lines 
I  find  that  President  McNair  has  really  asked 
me  the  question  "What  do  you  know  ?"  for 
surely  the  things  which  appeal  most  strongly 
to  us  and,  because  of  that  fact,  incline  us  to 
talk  about  them,  are  the  things  we  at  least 
think  we  know.  The  position  is  not  an  easy 
one  for  the  speaker,  though  on  the  face  of  it 
he  appears  to  have  a  wide  latitude. 

Had  such  an  invitation  been  extended  to  me 
thirty-five  years  ago  when  I,  a  blooming  youth 
of  nineteen,  walked  out  of  college  and  down 
Broadway  with  a  diploma  in  one  hand  and 
with  the  thumb  of  the  other  cocked  under  the 
armpits  of  my  waistcoat,  I  should  have  seized 
the  opportunity  to  tell  of  the  things  that  ap- 
pealed to  me,  the  things  I  knew.  I  should 
even  have  demanded  the  privilege  of  talking 
overtime ! 


*Address  to  students  of  Michigan  College  of 
Mines,  April  20,  191 1. 


But  with  my  present  limitations  and  in  that 
humility  of  mind  which  comes  with  experience, 
you  may  take  comfort  in  the  fact  that  your 
president  has,  through  his  instructions  to  me, 
safeguarded  you.  The  audience  is  safe  be- 
cause the  speaker  is  limited.  You  are  free, 
for  instance,  from  the  danger  of  an  attempt  to 
deliver  a  baccalaureate  sermon  by  one  to  whom 
a  bacchanalian  feast  makes  a  stronger  appeal. 
You  are  spared  the  lash  of  the  golden  rule 
because  it  has  appealed  very  strongly  to  me 
in  my  life  that  if  you  do  unto  others  you  will 
surely  find  that  these  others  will  do  you. 

For  what  you  are  about  to  receive  you 
should  therefore  be  thankful  to  your  president, 
for   it   might  have   been   worse. 

I  once  saw  somewhere  these  headlines, 
"Great  opportunities,"  and  as  I.  was  looking 
in  that  direction  I  eagerly  read  the  following: 
"A  man  with  a  good  rosewood  desk,  a  new 
typewriter,  a  fountain  pen,  lots  of  linen-wove 
paper  and  leisure,  has  it  in  his  power  to  make 
a  great  literary  reputation  for  himself,  if  he 
can  only  think  of  something  to  write."  I  had 
everything  on  the  list,  with  leisure  in  abun- 
dance, but  for  the  life  of  me  I  could  not  quali- 
fy in  the  last  item.  Here  was  my  first  ambition 
blasted.  Dr.  Koenig  knows  that  as  a  student 
the  rhythm  of  pentameter  verse  had  more 
charm  to  me  than  the  sizzling  jet  on  an  ugly 
piece  of  charcoal  in  a  blow-pipe  analysis,  or 
the  homely  bubbling  of  H2O  in  a  cast  iron 
tripod.  After  a  whole  course  under  so  good 
a  teacher  as  Dr.  Koenig  my  chemical  knowl- 
edge was  summed  up  in  these  few  words,  so 
sweet  yet  so  sad : 

"O,  come  where  the  cyanides  silently  flow, 

And  the  carbonates  droop  o'er  the  oxides  be- 
low. 

Where  the  voice  of  potassium  is  heard  on  the 
hill, 

And  the  song  of  the  silicate  never  is  still. 

Come,  oh  come, 
Tum  te  tum  tum. 
Peroxide  of  soda  and  uranium!" 

And  yet,  and  yet — I  say  it  more  in  joy  than 
in  anger — they  gave  me  the  degree  of  E.  M. — 
Mining  Engineer!  I  rather  think  that  Dr. 
Koenig  and  others  of  the  faculty  of  science 
would  have  agreed  to  have  still  further  dis- 
tinguished me  bv  adding  R,  I.  P. 
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My  first  personal  ai)p<.-al  to  you  is  that 
poetry  is  a  good  antidote  tor  n^soninia — a  joy- 
ous pastime,  but  not  a  passport  to  prosperity. 
It  IS  said  that  men  should  eschew  evil  and  do 
gt»od.  Rather  would  1  advise  you  to  esehew 
poetry  and  be  good,  lest  you  fall  a  victim  to 
the  wrath  of  the  gods,  as  it  is  written  in  the 
scripture  "To  him  that  hath  shall  be  given, 
and  from  him  that  hath  not  shall  be  taken 
away  even  that  which  he  hath," 

At  the  risk  of  being  charged  with  egotism 
I  am  going  to  give  you  the  next  step  in  my 
career.  C)pportunity  opened  the  door  to  me  in 
the  offer  of  a  position  as  chainman  on  an  en- 
gineer corps  in  or  near  New  York.  In  this 
Nvork.  it  soon  appealed  very  strongly  to  me 
(.and  because  of  that  fact,  1  want  to  appeal 
very  strongly  to  you),  that  my  college  training 
gave  me  no  knowledge  of  the  practical  things 
in  life.  I  could  lay  out  a  pipe  line  on  paper, 
but  I  could  not  lay  that  line  on  the  ground.  I 
did  not  know  how  to  handle  the  tools,  how  to 
lead  joints  and  a  hundred  other  things  that 
an  uneducated  workman,  little  above  the  scale 
of  a  day  laborer,  knows  all  about.  Of  equal 
importance  and  of  greater  regret  to  me  was 
the  evidence  that  not  having  mixed  with  work- 
ingmen  I  was  not  competent  to  handle  them. 
I  was  noT:  in  touch  with  them  and  did  not 
know  how  to  discriminate  between  men.  To 
do  good  exexutive  work  one  must  know  men. 
We  cannot  handle  men  properly  without 
knowing  them.  We  can  never  understand 
men  through  the  study  of  books.  All  the  col- 
leges in  the  world  could  not  have  given  Na- 
poleon that  rare  faculty  by  which  he  placed  the 
right  man  in  the  right  place  and  at  the  right 
time. 

"The  monarch  mind,  the  mystery  of  command- 
ing, 
The  birth-hour  gift,  the  art  Napoleon." 

Ability  is  a  broad  term.  We  have  the  ability 
of  the  student  to  reach  the  highest  place  in  his 
class;  we  have  the  ability  of  the  scientist  to 
uncover  the  hidden  things  in  nature,  of  the 
inventor  to  put  that  knowledge  to  practical 
ends  and  to  advance  the  progress  of  the  world. 
We  have  the  ability  of  the  engineer  who  de- 
signs a  great  bridge ;  of  the  architect  who 
plans  a  building;  the  sculptor  and  the  painter; 
the  poet  and  the  author;  the  editor,  the  finan- 
cier   and    the   business    man ;    but    that    abilitv 


which  is  to  be  most  desired,  that  al)ility  which 
it  is  within  the  power  of  almost  all  men  of 
common  sense  to  cultivate;  that  which  repre- 
sents the  well  rounded  man,  the  highest  ability 
of  all,  is  executive  ability.  It  is  far  easier  to 
liiid  men  who  can  d(j  good  work  than  to  find 
nun  who  know  how  to  make  others  do  good 
work.  The  man  who  works  does  only  one 
man's  work,  while  he  who  knows  how  to  get 
work  out  of  others  does  the  work  of  hundreds. 

One  is  like  the  actuary  in  an  insurance  com- 
pany. He  makes  the  figures  on  the  basis  of 
which  business  is  solicited ;  the  other  is  the 
manager  of  the  company  wiio  handles  the 
reins  so  that  success  follows  the  enterprise. 
We  know  by  experience  that  it  is  easier  to 
design  a  Panama  Canal  than  to  build  one. 
The  man  who  is  now  so  successfully  doing  this 
work  is  a  type  of  the  great  executive.  He  is 
greater  as  an  executive  than  as  an  engineer. 
He  could  not  be  the  executive  that  he  is  had 
he  not  learned  to  study  men  by  mixing  with 
all  classes. 

I  dwell  upon  this  appeal  with  emphasis  be- 
cause of  its  great  importance.  It  should  be 
your  first  post  graduate  lesson  if  you.  seek  the 
higher  planes  in  education  and  in  life.  The 
fact  that  you  have  a  good  scientific  education 
does  not  give  you  the  least  advantage  in  doing 
executive  work.  The  man  of  equal  general 
abilities  who,  while  you  have  been  at  college, 
has  been  mixing  with  and  studying  men,  is 
ahead  of  you  as  an  executive,  but  the  training 
that  you  have  received  and  the  knowledge 
gained,  if  you  are  not  spoiled,  should  enable 
you  to  out-distance  him  after  a  few  years.  To 
do  this  you  must  get  back  to  earth,  you  should 
be  willing  to  begin  at  the  bottom,  to  carry 
your  candle  and  pick.  In  doing  this  you  be- 
come not  a  common  but  an  uncommon  laborer. 

Let  me  give  you  an  experience,  an  incident 
of  my  life  w^hich  has  in  principle  been  dupli- 
cated many  times.  A  young  man  walked  into 
my  ofifice  to  seek  a  position.  He  was  a  clean 
cut,  manly  looking  fellow  of  culture  and  re- 
finement. He  told  me  that  he  had  just  grad- 
uated from  Cornell  University  and  wanted  to 
work  in  the  shops. 

"Do  you  know  what  that  means?"  I  said, 
"You  will  have  to  work  in  overalls,  mix  with 
the  men,  obey  orders,  go  in  and  out  at  the 
blow  of  the  w^histle,  do  what  you  are  told  to- 
do  and  all  for  apprentice's  wages." 
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'*l  know  exactly  what  it  means,"  he  repHed. 
"I  ask  only  for  an  opportunity  to  begin  at  the 
bottom  in  a  business  which  I  believe  to  be  a 
progressive  one  and  where  I  may  have  a 
chance  to  grow." 

That  young  man  in  a  few  months  was  re- 
ceiving machinist's  wages  of  from  $2.50  to  $3 
per  day,  saving  most  of  it  and  attracting  at- 
tention because  of  good  work  and  steady 
ha-bits.  To-day  he  holds  an  executive  posi- 
tion at  a  large  salary.  The  men  under  him 
respect  him  and  are  productive  because  they 
know  that  he  understands  not  only  his  work, 
but  theirs.  A  college  education  he  once  said 
to  me,  "is  like  the  foundation  of  a  building,  of 
no  practical  value  unless  one  goes  on  with  the 
work  above  it." 

My  next  personal  appeal  is  that  men  should 
strive  to  work  alw^ays  on  practical  lines.  Sepa- 
rate the  chaff  from  the  wheat — cut  ofif  all 
ruching  from  your  garment.  Our  great  busi- 
ness, said  Carlisle,  is  not  to  see  the  things  that 
lie  dimly  at  a  distance,  but  to  do  that  which 
lies  plainly  at  hand.  Men  at  college  are  en- 
gaged in  abstract  studies,  much  that  is  done  is 
not  tangible.  This  is  good  work  and  well 
worth  doing  in  our  educational  life,  but  when 
this  foundation  is  built  and  we  stand  upon  it 
in  the  field  of  life  our  first  concern  should  be 
to  do  things ;  to  get  results  that  tell.  If  a 
pump  is  out  of  order,  fix  it,  and  then  talk  and 
plan  to  prevent  a  recurrence  by  improving 
conditions.  Get  results  with  the  instruments 
at  hand  for  it  is  only  a  poor  workman  who 
quarrels  with  his  tools.  The  time  to  mend  the 
nets  is  not  while  the  fish  are  running,  for  a 
small  catch  is  -better  than  none  at  all. 

It  is  work,  work  well  done,  work  done  on 
practical  lines,  that  tells.  Work  is  the  hand- 
maiden of  success,  it  counts  more  than  genius, 
more  than  ability.  Mr.  Edison  was  once  ap- 
proached by  an  admiring  lady  who  said,  "Oh, 
Mr.  Edison,  it  must  take  so  much  inspiration 
to  be  a  great  genius !"  He  put  his  hand  to  his 
ear  and  asked  that  the  remark  be  repeated  as 
he  did  not  understand  it.  This  was  done  and 
quickly  came  his  reply,  "Madam,  it  takes  two 
per  cent,  inspiration  and  ninety-eight  per  cent, 
perspiration." 

While  working  on  practical  lines  we  should 
not  forget  to  work  also  on  lines  of  greatest 
efficiency.  The  best  engineering  is  that  which 
accomplishes  a  result  in  the  most  economical 
manner.     It  is  only  a  bad  designer  who  puts 


more  metal  into  an  engine  than  is  required 
for  the  work  performed.  Every  pound  of  coal 
wasted  for  power  or  fuel  may  shorten  life  in 
the  world.  The  man  most  valuable  about  a 
mine  or  mill  is  he  who  helps  to  lop  off  a 
fraction  in  the  cost  of  producing  the  metal. 
This  is  the  age  of  scientific  efficiency,  of  con- 
servation, of  industrial  economies.  Men  need 
not  work  a  whit  harder,  but  through  the  use 
of  machinery  and  better  methods  of  work, 
greater  results  are  obtained.  After  all  it  is 
only  a  question  of  study,  of  stopping  the  leaks 
and  striving  to  concentrate  on  lines  that  pro- 
duce.   One  should  always  try  to  touch  the  spot. 


DEODORIZING  SEWER  GAS 

The  city  of  Winnipeg,  Manitoba,  has  found 
it  necessary  to  adopt  some  means  for  dimin- 
ishing or  abolishing  the  objectionable  odors 
which  emanate  from  the  sewers  and  assert 
themselves  in  streets  and  residences,  and  last 
year  a  satisfactory  test  was  made  of  the  Bee- 
man  deodorizing  machine,  ten  of  them  being 
placed  in  sewer  manholes,  where  they  were 
in  operation  for  three  months. 

The  machine  consists  of  a  reservoir  contain- 
ing wood  alcohol,  the  fumes  from  which  im- 
pinge upon  a  disk  of  platinized  porcelain  i^ 
inches  in  diameter.  This  disk,  when  heated 
cherry  red,  remains  incandescent  so  long  as 
the  alcohol  fumes  are  supplied  to  it,  which 
fumes  are  changed  into  formaldehyde  during 
their  passage  over  the  disk.  In  addition  to 
the  reservoir  and  disk  there  are  a  series  of 
baffles  and  protectors  through  which  both  the 
formaldehyde  and  the  air  from  the  sewers 
must  pass  and  which  insure  a  thorough  mix- 
ing of  the  two.  The  whole  machine  measures 
about  20  inches  in  diameter  and  40  inches  high 
and  is  suspended  within  an  air-shaft  from  the 
sewer  or  in  the  sewer  manhole.  In  the  ma- 
chines used  in  Winnipeg  it  was  found  that 
one  gallon  of  wood  alcohol,  costing  62^2 
cents,  lasted  nine  days.  It  is  suggested  that 
it  would  not  be  necessary  to  place  such  an 
appliance  in  each  manhole,  but  that  if  one 
were  placed,  say,  in  every  fifth  manhole  the 
openings  in  the  other  four  could  be  closed. 
City  Engineer  Ruttan  reported  that  sufficient 
formaldehyde  was  produced  to  deodorize  the 
sewer  air  that  emerged  from  the  manholes. 
The  city  of  Winnipeg  has  recently  contracted 
for  50  of  these  deodorizers  at  $75  each. 
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APPLICATIONS  OF  THE    AIR   LIFT 

Uv      I  i  AKKV     L.     (iLAZE.* 

The  air-lift  is  in  general  use  in  pumping 
ami  niotallurg-ical  plants,  but  is  little  known 
to  those  engageil  in  other  mechanical  pursuits. 
A  better  knowletlge  of  the  air-lift  among  me- 
chanics and  mechanical  engineers  would  result 
in  the  development  of  many  more  uses  for  this 
valuable  principle. 


FIG.  I.     AIR   LIFT  PUMP. 


The  action  of  the  air-lift  is  simple  and  eas- 
ily understood,  but  many  theories  have  been 
advanced  by  various  authorities  to  explain  the 
phenomenon ;  the  explanation  following  is  per- 
haps the  one  most  widely  accepted.  In  order 
to  consider  the  principles  involved  it  will  be 
necessary  to  refer  to  Fig.  i,  which  shows  the 
air-lift  as  ordinarily  applied  to  pumping  from 
wells.  Here  A  shows  a  pipe  which  serves  as 
the  discharge  pipe  to  carry  the  water  mit  of 
the  well,  B,  C  is  an  air  pipe  which  carries  the 
air  from  the  compressor  and  introduces  it 
into  the  open  end  of  the  discharge  pipe,  which 


*Address :     Young    Construction    Co.,     Los 
Angeles.  Cal. 


FICt.  2.     CIRCULATING  WATER  IN  CYLINDER  JACKET. 

is  usually  made  with  a  slight  bell  at  the  bot- 
toin;  this  air  pipe  is  bent  up  so  as  to  pass  a 
short  distance  into  the  discharge  pipe.  It  will 
be  noticed  that  the  discharge  pipe  is  sub- 
merged in  the  water,  and  upon  the  amount  of 
this  submergence  depends  the  efficiency  of  the 
pump. 

The  action  is  as  follows:  Air  is  introduced 
into  the  air  pipe  C  under  pressure  sufficient 
to  overcome  the  static  head  of  the  water 
from  end  of  the  pipe  to  the  surface  of  the 
water;  this  head  is  called  the  "submergence." 
The  distance  from  the  surface  of  the  water  to 
the  highest  point  that  the  water  is  lifted  is 
called  the  "lift."  When  the  air  issues  into 
the  water  contained  in  the  discharge  pipe  it 
breaks  up  into  small  bubbles  which  form,  by 
virtue  of  the  violent  action,  what  is  virtually 
an  emulsion  of  air  and  water.  This  emulsion 
is  lighter  than  water  and  of  course  it  is  forced 
up  into  the  discharge  pipe  by  the  weight  of  the 
water  outside  and  will  be  made  to  issue  from 
the  top  of  the  discharge  pipe  with  considerable 
violence. 

The  results  obtained  are  improved  but  very 
little  by  the  various  fancy  and  expensive  de- 
vices on  the  market  which  are  made  for  at- 
taching to  the  lower  end  of  the  discharge  pipe. 

The  best  results  are  of  course  obtained  when 
the  submergence  exceeds  the  lift;  in  fact,  the 
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efficiency  of  the  system  varies  directly  as  the 
ratio  of  lift  to  submergence.  In  deep-well 
pumping,  the  conditions  are  seldom  ideal  for 
a  high  efficiency,  but  when  the  simplicity  of 
the  whole  arrangement  is  taken  into  consid- 
eration one  can  readily  appreciate  its  advan- 
tages. Although  but  few  wells  are  drilled 
deep  enough  below  the  water  level  to  give  a 
greater  ratio  than  i  to  i,  there  are  a  great 
many  large  air-Hft  pumping  plants  in  Cali- 
fornia working  on  both  water  and  oil.  An 
efficiency  of  35  per  cent,  may  be  considered 
about  the  average  of  the  results  ordinarily 
obtained. 

The  air-lift  has  as  many  faults  as  virtues, 
but  when  it  is  possible  to  rig  up  some  old 
junk-heap  of  a  compressor  and  a  few  pieces 
of  rusty  pipe,  and  produce  a  good,  steady 
and  dependable  pump,  it  is  worthy  of  consid- 
eration. Even  the  absence  of  valves  would 
enhance  the  value  of  it  to  any  one  who  has 
ever  pulled  about  a  mile  of  casing  and  pump 
rods  out  of  the  ground  to  get  at  the  worn-out 
valves  and  leathers  of  an  old  deep-well  pump. 

THE    AIR   LIFT    AS    A    WATER   CIRCULATOR. 

So  much  for  the  water-pumping  air-lift. 
Consideration  will  now  be  given  to  the  possi- 
bilities of  applying  the  principle  to  the  me- 
chanical arts.  Fig.  2  shows  a  novel  method 
of  circulating  the  cooling  water  in  an  air 
compressor.  The  engraving  is  self-explana- 
tory, and  the  working  of  the  system  shows 
the  same  simplicity  as  does  that  of  the  other 
members  of  the  air-lift  family.  A  slight 
opening  of  the  air  valve  will  serve  to  create 
a  brisk  motion  of  the  water  in  the  pipes  and 
cooling  jacket.  A  cooling  tower  might  be 
provided  if  the  water  showed  a  tendency  to 
become  quite  hot.  This  cooling  tower  could 
be  placed  upon  the  tank  and  the  air-lift  pipe 
raised  so  that  the  water  would  flow  over  the 
slats  of  the  tower  and  into  the  tank.  This 
scheme  may  be  applied  to  the  cooling  of  ice 
machines,  alnmonia  condensers,  gas  engines 
and  transformers. 

THE    AIR    LIFT     AS     A     WATER    AGITATOR. 

Fig.  3  shows  what  is  called  the  Pachuca  or 
Brown  agitator,  which  is  used  ver}^  extensive- 
ly in  cyanide  plants  for  mixing  and  agitating 
the  finely-ground  ore  or  "pulp"  with  the  cya- 
nide solution.  The  Pachuca  tank  consists  of 
a  tall  cone-bottomed  steel  tank  which  has  an 
air-lift  in  the  center  and  a  small  pipe  for  in- 
troducing  air.     The   use   of  the   air-lift   is,   in 


this  case,  simply  to  agitate  the  pulp  and  bring 
it  intimately  into  contact  with  the  cyanide,  al- 
though the  air  has  a  beneficial  effect  in  sup- 
plying the  oxygen  necessary  to  bring  about  the 
dissolving  of  the  gold  and  silver.  The  time 
of  agitation  is  usually  sixteen  hours,  but  the 
tendency  is  toward  continuous  agitation  in 
several  Pachuca  tanks  operated  in  series,  the 
pulp  running  slowly  from  one  tank  into  the 
other  through  the  series,  the  rate  of  flow  be- 
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/ 

FIG.  3.     STIRRING  CYANIDE  SOLUTION. 

ing  regulated  to  conform  to  the  time  it  takes 
to  dissolve  the  precious  metals. 

In  the  case  of  the  Pachuca  tanks,  the  air- 
lift works  under  ideal  efficiency  conditions  for 
the  submergence  exceeds  the  lift.  No  system 
of  mechanical  agitation  can  compete  with  the 
Pachuca  tank,  and  it  will  be  seen  that 
wherever  agitation  is  to  be  carried  on,  the 
Pachuca  tank  can  be  used,  provided  that  the 
action  of  air  is  not  harmful  to  the  substance 
being  handled.  The  air-lift  will  handle  al- 
most any  amount  of  solids,  sHmes,  or  sands 
in  the  solution  and  this  would  recommend  it 
for  pumping  such  things  as  pulp,  mud  or  any 
liquid  containing  solids  which  are  hard  on 
plunger  pumps. 
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ELEVATOR  FOR  LIFTING  TAILINGS. 


Fig.  4  shows  an  application  of  the  air-hft, 
in  which  it  is  used  to  raise  the  tube-mill  tail- 
ings into  pulp  thickeners  or  classifiers  in  ore 
milling  plants.  The  vertical  pipes  shown  arc 
placed  in  a  pit  so  as  to  give  at  least  a  i  to  i 
submergence.  Air  is  admitted  at  the  bottom 
of  the  pipe  A  and  the  pulp  comes  in  at  the 
top  of  the  pipe  B  down  which  it  flows,  and  is 
elevated  in  pipe  A  by  the  action  of  the  air. 

Many  other  applications  of  the  air-lift  are 
at  present  in  use,  but  they  all  work  upon  the 
same  principle.  These  four  examples  will  suf- 
fice to  give  some  suggestions  which  it  may 
be  possible  to  turn  to  good  advantage. — Ma- 
chinery. 


Overland  Limited,  April  26. — Just  passed  a 
grading  outfit.  They  were  hauling  gravel  in 
wagons.  Wagons  all  of  the  same  size,  sam.e 
weight.  Some  wagons  were  drawn  b}'  three 
horses,  others,  by  two  mules.  I  understand 
that  after  a  horse  has  been  six  months  on  the 
job,  if  his  conduct  is  exemplary  and  his  abil- 
ity warrants  it,  he  is  promoted  to  mule. 

MIKE. 
— Chicago  Tribune. 


PNEUMATIC    HAMMER    COAL   PICKS 
IN   A   GERMAN    MINE 

^  Dtn"ing  the  past  Iwrlvc  luuntlis  piuniiiatic 
haninicr  drills  have  been  extensively  employed 
for  coal-winning  at  the  Mont  Cenis  Pit, 
Ilernc,  over  100  of  the  Wi-stfalia  type  (fig. 
I  )  being  now  in  use.  This  pattern  differs 
from  other  makes  in  the  provision,  inside  the 
cylinder  head,  of  two  piston  valves  a,  which 
admit  the  compressed  air  in  front  and  rear 
of  the  working  piston  c  alternately.  The  ad- 
vantage claimed  for  this  form  of  valve  gear 
is  that  during  the  working  stroke  the  com- 
pres.sed  air  enters  the  cylinder  direct,  thus 
precluding  all  adverse  eddying,  reflux,  throt- 
tling, etc.,  of  the  entering  air.  Since  the  two 
valves  operate  independently  and  there  is  no 
instant,  in  any  position  of  the  piston,  when 
the  compressed  air  is  admitted  to  both  sides 
of  the  cylinder  simultaneously,  the  result  is 
that  not  only  is  the  percussion  force  of  the 
piston  augmented,  but  the  consumption  of 
compressed  air  is  also  reduced.  The  valve 
pistons,  being  extremely  light,  act  very  quick- 
ly, and  as  they  have  only  a  very  short  stroke, 
a  large  number  of  powerful  blows  are.  de- 
livered per  unit  time.  The  pressures  in  the 
cylinder  are  not  subjected  to  any  sudden  al- 
teration, but  increase  and  diminish  gradually, 
and  the  hammer  drill  consequently  works 
quietly  and  uniformly,  and  above  all  with  a 
very  slight  "kick." 

Compressed  air  is  admitted  to  the  tool 
through  a  piston  valve  b,  which  opens  as 
soon  as  a  gentle  pressure  is  applied  to  the 
lever  d,  but  cannot  leak,  being  pressed  against 
its  seat  e  by  the  pressure  of  air  in  the  supply 
pipe.  Owing  to  the  position  of  the  lever  d 
inside  the  handle,  the  valve  cannot  open  ac- 
cidentally by  contact  from  the  outside.  The 
working  piston  e  is  of  the  differential  type, 
the  diminished  forward  end  preventing  the 
air  from  escaping  when  the  tool  becomes 
worn.  Space  is  provided  in  the  front  end 
of  the  cylinder  at  0  for  the  the  formation  of 
a  cushion  of  air,  which  softens  both  the  re- 
bound impact  and  the  kick.  To  protect  the 
user  from  dust  stirred  up  by  the  exhaust  air, 
the  exhaust  discharges  into  the  annular  space 
/  at  the  handle  through  several  holes,  an  ar- 
rangement that  also  keeps  dust  out  of  the 
cylinder  and  lessens  wear.  The  bit  g  is  pro- 
tected from  expulsion  by  a  screw  cap  h,  and 
bv  changing  the   front   bush,   either   round   or 
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square  bits  can  be  used.  In  order  to  prevent 
any  play  in  the  screw  connection  between  the 
handle  and  the  working  cylinder,  this  con- 
nection is  formed  of  an  internally-toothed 
ring  k,  which  engages  with  teeth  /  on  the 
periphery  of  the  cylinder,  and  is  prevented 
from  turning  by  two  diametrically  opposite 
stops  n  (fig.  2).  The  ring  k  is  held  in  posi- 
tion by  a  spring  m. 

The  weight  of  the  hammer  drill  without  bit 
is  about  i^%  lb.,  .and  the  consumption  of  air 
is  equivalent  to  2  to  3  horse-power  of  the 
compressor  motor.  The  air  pressure  is  5^ 
to  6  atmospheres  at  bank  and  4  to  5  atmos- 
pheres at  the  drill. 

The  Chief  application  of  these  drills  in  the 
Mont  Cenis  Colliery  is  in  the  gas  coal  seams, 
which  dip  at  an  angle  of  50  to  70  degrees  and 
are  very  hard  to  work.  The  roof  consists  of 
brittle  clay  shale,  the  floor  in  some  of  the 
seams  being  pyritic  shale,  and  soft  creepy  ma- 
terial in  others. 

Before  the  introduction  of  the  hammer  drill 
into  the  colliery  in  question,  the  No.  2  seam — 
consisting  of  an  upper  bed  of  12  in.  and  a  lower 
one  of  20  in.  to  24  in.  of  coal  separated  by  2  in. 
to  8  in.  of  parting — could  not  be  worked  at  all, 
and  the  other  seams,  about  40  in.  thick  and  inter- 
spersed with  parting,  were  only  attacked  in 
a  few  working  places,  the  coal  being  got  down 
by  undercutting  and  blasting.  Since  the  ac- 
tion of  the  hammer  is  similar  to  that  of  the 
pick,  it  brings  down  the  coal,  after  undercut- 
ting, in  large  lumps,  and  owing  to  the  steep 
pitch  of  the  seams  the  hewers  are  able  to  work 
standing,  the  hammer  being  conveniently  held 
against  the  coal  face,  generally  with  one 
hand.  As  compared  with  the  pick,  however, 
the  output  of  the  hewers  is  increased  by  25 
to  30  per  cent.,   the  proportion  of  round   coal 


is  raised  from  10  per  cent,  to  about  20  per 
cent. 

The  practical  experience  gained  at  the  Mont 
Cenis  Colliery  goes  to  show  that  the  hammer 
drill  is  specially  adapted  for  the  working  of 
steep  seams,  but  in  flat  seams  the  hewer  has 
to  work  in  a  less  favourable  position,  the  drill 
being  heavier  than  the  pick  and  having  to  be 
pressed  firmly  against  the  face  (this  it  does 
by  its  own  weight  in  steep  seams),  whilst  in 
these  circumstances  the  kick  of  the  drill  is  a 
source  of  inconvenience.  Nevertheless,  it  will 
do  good  work,  even  in  seams  dipping  at  less 
than  30  degs.  where  the  coal  is  too  firmly 
bedded  to  get  down  with  the  pick,  or  where 
the  adjacent  rock  is  unsuitable  for  the  appli- 
cation of  shot-firing.  The  output  is  superior 
to  that  obtained  with  the  pick,  except  where 
the  coal  is  too  soft.  In  the  case  of  hard  coal 
deficient  in  cleats,  the  hammer  drill  cannot 
replace  shot-firing. 

The  chief  advantages  of  the  hammer  drill 
are  found  to  be  that  it  enables  coal  to  be  won 
from  seams  previously  unworkable,  and  gives 
a  higher  proportion  of  round  coal  at  less  cost 
per  ton.  At  the  colliery  in  question,  about 
one-fourth  of  the  total  coal  raised  is  now  won 
by  the  use  of  hammer  drills.  For  the  suc- 
cessful introduction  of  this  method  of  working, 
the  great  point  is  to  overcome  the  conserva- 
tive objection  of  the  men  to  any  novelty,  and 
their  fear  that  it  will  lower  their  earnings. 
At  the  Mont  Cenis  pit  the  hewers  who  agreed 
to  work  with  the  hammer  drill  were  promised 
the  same  tonnage  rate  for  the  first  four 
months  as  they  had  hitherto  received  for 
working  with  the  pick — and  during  that  time 
their  average  earnings  showed  an  increase  of 
about  60  per  cent.,  a  circumstance  that  assist- 
ed  in   overcoming   the   prejudice   of  the   rest. 
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It'  <.'iial)K'  tlu-  nun  (o  use  tlu-  tool  (o  the  best 
advantaKc  and  [o  {vacU  tluin  how  \o  cope 
witli  the  various  eontinj^eneies  arising  in  the 
course  of  the  work,  a  few  specially  skilled 
workers  ha\e  been  selected  as  instructors  to 
vrauKs  that  adopt  the  hannncr  drill.  Another 
condition  essential  to  success  is  the  provision 
of  a  sutlicient  nuniher  of  spare  hammers 
(about  JO  per  cent.),  so  that  there  is  no  need 
to  stop  workinj;  in  the  event  of  any  of  the 
hammers  gettinii  out  of  order.  The  upkeep 
o\  the  hammers  shoidd  be  well  looked  after 
(Ml  the  premises;  and  the  compressor  plant 
must  be  equal  to  the  duties  imposed  upon  it. 
and  the  air  pipes  of  sufficient  diameter  (not 
less  than   i   in.  in  the  gate  roads). 


LABORATORY  METHODS  FOR  OB- 
TAINING PURE  OXYGEN 

The  National  Bureau  of  Standards  having 
need  in  its  chemical  laboratory  of  a  large  quan- 
tity of  practically  pure  oxygen  gas  obtained  it 
l)y  the  electrolysis  of  water.  The  positive  elec- 
trode was  suspended  in  an  ordinary  round 
quart  bottle  with  its  bottom  removed.  This 
bottle  was  provided  with  a  hollow^  metal  stop- 
per which  formed  part  of  the  electrical  connec- 
tion between  the  positive  electrode  and  the 
outside  main.  The  electrolytic  apparatus  was 
placed  outside  the  building,  and  as  the  hydro- 
gen given  off  at  the  negative  pole  was  not 
needed,  it  was  allowed  to  go  to  w^aste. 

The  oxygen  gas  escaping  through  the  hollow 
stopper  under  a  pressure  of  only  a  few  inches 
of  water  was  conducted  through  a  long  topper 
tube  to  a  purifier  containing  platinized  quartz. 
Although  this  purifier  was  used  constantly  no 
impurities  were  found  in  the  gas.  From  the 
purifier  the  gas  was  conducted  through  a  valve- 
head  to  a  two-liter  cylinder  of  heavy  brass 
lined  with  nickel.  This  cylinder  was  suspended 
in  a  bath  of  liquid  air  at  atmospheric  pressure. 
Fresh  made  liquid  air  boils  at  a"bout  9  deg.  C. 
lower  temperature  than  oxygen,  and  this  dif- 
ference was  sufficient  to  cause  the  oxygen  to 
liquefy.  When  the  brass  cylinder  was  filled 
with  liquid  oxygen,  the  current  was  shut  off 
from  the  electrolytic  apparatus,  a  common 
steel  flask  was  connected  up  with  the  valve 
head,  the  liquid  air  bath  removed,  and  the 
liquid  oxygen  at  once  began  to  vaporize  owing 
to  the  heat  received  from  the  surrounding  at- 
mosphere. When  the  gage  on  the  valve-head 
indicated    sufficient    pressure    the    valves    were 


closed,  and  anotlur  llask  was  subslilnted  for 
tlu-  tilled  oni'.  The  oxygen  thus  obtained  was 
f(nuul  more  than  99.9  per  cent.  i)ure.  It  will 
be  seen  that  oxygen  produced  in  this  way  is 
as  near  absolute  purity  as  is  possible.  It  is  an 
expensive  process,  however,  and  cannot  com- 
pete with  the  liquid  air  rectification  process. 
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EXPLOSIVE  GAS  TESTER 

The  gas  tester  shown  in  the  sketch  (de- 
scribed by  N.  Teclu,  Zeit.  f.  Prakt,  Chem.)  is 
intended  to  be  located  in  a  safe  place  and  at  a 
distance  from  localities  where  explosive  gases 
may  be  suspected  to  exist.  Referring  to  the 
cut,  A  is  an  explosion  pipette  with  safety  pack- 
ings of  wire  gauze  at  H  H,  and  provided  with 
a  by-pass  B.  The  end  D  is  connected  by  a 
composition  or  tinned  iron  pipe  to  the  point 
from  which  the  air  is  to  be  obtained  for  test- 
ing and  the  end  E  is  connected  with  a  pump 
so  that  a  continuous  current  of  air  is  drawn 
through.  The  cocks  F  and  G  are  closed  (the 
current  still  streaming  through  the  by-pass) 
and  the  spark  from  an  induction  coil  passed 
between  the  wires.  If  no  explosion  occurs,  it 
is  because  the  proportion  of  combustible  gas 
is  either  above  or  below  the  explosive  limit. 
Should  it  be  above,  then  on  opening  for  a 
while  the  cock  C,  enough  air  wmII  diffuse  in  to 
cause  an  explosion  on  sparking  again.  Should 
it  be  below%  then  if  F  and  G  are  opened  and 
sparks  passed  while  the  gas  is  streaming 
through,  flame  will  be  seen  in  a  darkened  room 
with  a  proportion  of  combustible  gas  consider- 
ably below  that  necessary  for  explosion.  If 
the  explosion  be  made  to  take  place  with  the 
cocks  F  and  G  closed  and  C  open,  and  the 
suspended  iron  plate  R  closing  the  side  tube^ 
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the  force  of  the  explosion  will  drive  R  against 
the  electromagnet  M,  which  will  hold  it,  and 
electrical  connections  made  by  this  contact 
may  be  made  to  ring  a  bell  at  the  place  tested, 
and  thus  give  warning. 


FIG.  I. 

THE  CEMENT  GUN 

The  cuts  here  adapted  from  Engineering- 
Contracting  show  a  new  apparatus  which  is 
coming  into  use  for  depositing  concrete  in 
layers,  or  for  coating  and  protecting  purposes, 
by  the  use  of  compressed  air. 

Figure  i  is  an  elevation  of  one  form  of  the 
apparatus  showing  the  receptacle  for  dry  ma- 
terial, the  air  drum  and  the  water  tank.  The 
sand  and  cement  are  mixed  in  a  proportion  of 
about  1 :3  and  placed  in  the  material  drum.  It 
is  fed  through  a  hole  in  the  bottom  of  the 
drum  into  the  hemispherical  pockets  of  the 
feed  regulating  wheel  and  drops  into  the 
conical  shaped  chamber  below,  which  termi- 
nates in  the  hose  carrying  the  material  to  the 
nozzle.  The  air  drum  is  connected  to  the 
conical  shaped  chamber  and  an  equalizer  pipe 
connects  this  chamber  with  the  material  drum. 
The  water  tank  is  also  connected  with  the  air 
drum  so  that  the  water  and  material  is  forced 
to  the  nozzle  under  the  same  pressure.  Figure 
2  is  a  section  through  the  feed  chamber  taken 
at  right  angles  to  the  section  shown  by  Fig.  i. 
Figure  3  shows  one  form  of  nozzle  used  with 
the  apparatus.  In  this  type  of  nozzle  the  ma- 
terial is  blown  through  the  center  pipe  and  the 
water  enters  a  chamber  surrounding  this  pipe 
uniting  with  the  material  just  at  the  point  of 
leaving  the  nozzle.  The  air  pressure  used  de- 
pends upon  the  density  of  the  mixture  desired, 
from  30  to  40  lbs.  per  sq.  in.  being  sufficient 
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FIG.  3. 

for  all  ordinary  purposes.  The  operator  stands 
several  feet  from  the  surface  to  be  covered. 

One  of  the  first  pieces  of  work  done  with 
the  apparatus  was  the  coating  of  the  Field 
Museum  at  Jackson  Park,  Chicago.  This  build- 
ing was  one  of  the  old  stucco  structures  of  the- 
World's  Fair  and  contains  38,000  sq.  yds.  of 
surface  which  was  coated  about  1-16  in.  thick. 
The  highest  point  which  was  covered  was 
about  180  ft.  above  ground.  An  ordinary 
painter's  scaffolding  was  used  for  the  work, 
some  parts  being  worked  from  ladders.  The 
work  was  accomplished  in  2^  days  with  a  gang 
of  5  men,  consisting  of  i  engineer,  2  feeders 
and  2  nozzlemen.  This  was  at  the  rate  of 
1,055  SQ-  3^ds.  per  da}^  for  the  entire  work. 

Other  examples  of  the  work  with  this  ma- 
chine have  indicated  that  a  wall  i-in.  thick  and 
200  sq.  yds.  in  area  can  be  made  in  a  day. 

In  practice  the  cement  is  shot  against  a  sur- 
face made  of  building  paper,  covered  with  a 
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coarse  wiic  uc-tlinj;.  TIk-  co^l  of  this  luatt-iial, 
the  ceiiK'nt  and  sand  necessary  for  a  i-in.  wall 
and  tlic  hibor  of  putting  it  on  is  estimated  to 
be  between  15  and  iS  cts.  per  sq.  yd.  of  sur- 
face. 

The  appartalus  is  niatle  in  different  styles 
and  capacities  by  the  General  Cement  I'roducts 
Company.  30  Church  street,  New  York. 


EXPLOSIVES  USED  IN  MINING 

The  foliowing  is  a  concise  presentation  of 
elementary  or  general  information  concerning 
the  explosives  of  various  classes  commonly 
used  in  mining  operations.  It  is  the  intro- 
ductory portion  of  an  elaborate  "to  be  con- 
tinued" article  appearing  in  Mining  World, 
prepared  by  Robert  Bruce,  Brinsmade,  Pro- 
fessor of  Mining  Engineering,  State  Univers- 
ity.  Morgantown,   W.  Va. 

An  explosion  may  be  defined  as  a  sudden 
expansion  of  gas.  The  substances  which  we 
call  explosives  are  so  unstable  when  exposed 
to  a  suitable  flame  or  shock  that  they  sud- 
denly change  into  many  times  their  original 
volume  of  gas  with  the  evolution  of  heat.  If 
the  change  to  a  gas  takes  place  in  the  open, 
there  is  a  flame  and  a  whiff  or  a  report.  It 
is  only,  however,  when  explosives  are  set  off 
in  confined  spaces  like  drill-holes  that  they 
do  their  chief  work  in  mining.  Consequently 
a  blast  or  explosion  may  be  said  to  be  a 
rapid  combustion  in  a  confined  space.' 

Explosives  have  two  essential  constituents, 
namely,  combustibles  and  oxidizers.  They 
may  be  broadly  divided  into  three  classes  ac- 
cording to  the  relation  which  the  combusti- 
bles bear  to  the  oxidizers.  Class  I  includes 
the  mechanical  explosives,  or  those  in  which 
the  ingredients  constitute  a  mechanical  mix- 
ture ;  class  II  includes  the  chemical  explosives 
or  those  in  which  the  ingredients  are  in  chem- 
ical combination ;  class  III  includes  the  me- 
chanico-chemical  explosives  which  are  form- 
ed of  a  mixture  of  class  II  and  an  absorber. 

METHODS     OF    FIRIXG    EXPLOSIVES. 

Explosives  are  set  off  by  two  means — igni- 
tion and  detonation.  Because  through  igni- 
tion the  combustion  is  transmitted  by  heat 
alone,  it  gives  a  slower  explosion  than  one 
started  by  detonation  which  transmits  the  re- 
action by  the  rapidity  of  vibrant  motion  By 
their  nature  class  I  is  adapted  to  ignition,  and 
classes  II  and  III  to  detonation. 


Ignition  is  comniMiil\  perfurnud  by  scjuibs, 
fuse  or  electric  igniters.  A  squib  is  really 
a  self-impelling  slow  match,  made  by  filling 
one-half  of  a  thin  roll  of  paper  with  black 
powder  and  the  other  half  with-  sulphur. 
l"'or  their  use  in  blasting,  a  drill-hole  ab,  Fig. 
I,  is  loaded  with  an  explosive  be  and  before 
filling  the  hole  with  the  tamping  cd,  a  needle 
ac  is  inserted  into  the  explosive  so  that  when 
it  is  withdrawn,  a  hole  of  a  larger  diameter 
than  the  squib  is  left  through  the  tamping 
from  a  to  c.  The  squib  is  then  inserted  in 
this  hole  with  the  sulphur  end  out,  and  when 
lit  the  slow-burning  sulphur  allows  time  for 
the  miner  to  escape  before  the  powder  of 
the  squib  takes  fire  and  its  reaction  forces  the 

A 


Fig.  1. 


Fig.  2. 

squib    along   the   holes    to    ignite   the   powder 
at   c. 

A  fuse  is  merely  a  thread  of  black  powder 
wrapped  with  one  or  more  thicknesses  of 
tape.  In  loading  the  hole.  Fig.  i,  the  fuse 
w^ould  be  inserted  in  place  of  the  needle  ac. 
A  fuse  burns  commonly  at  the  rate  of  2  ft. 
a  minute.  Therefore  a  sufficient  length  should 
be  used  in  the  hole  to  allow^  the  miner  to  re- 
tire in  safety,  after  splitting  and  lighting  the 
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outer  end,  before  the  flame  reaches  the  ex- 
plosive at  c.    ■ 

The  electric  igniter  consists  of  a  shell  a, 
Fig.  2,  enclosing  a  charge  of  fulminate  mix- 
ture in  b  and  of  sulphur  cement  in  e.  The  cop- 
per wires  c  pass  through  /  and  enter  b  where 
they  are  connected  by  a  platinum  bridge  at  d. 
For  ignition,  the  shell  a  is  made  of  pasteboard 
and  the  igniter  is  placed  within  the  explosive 
while  the  wires  extend  outside  the  hole  to 
a  blasting  machine.  The  last  is  simply  a 
small  armature  revolving  between  its  poles 
and  sending  a  current  through  the  igniters 
in  the  circuit  when  its  handle  is  shoved  down. 
All  the  common  electric  igniters  on  one  cir- 
cuit are  exploded  simultaneously,  but  a  re- 
cent invention  is  a  delay-action  igniter,  which 
permits  electric  firing  in  sequence. 

Detonation  is  performed  by  fuse  and  cap  or 
by  electric  caps.  A  blasting  cap  is  simply  a 
cylindrical  copper  cup  with  a  small  charge 
of  fulminate  mixture  in  its  bottom,  the  fuse 
being  inserted  into  the  cup  and  fastened  to 
it  by  crimping  pincers.  The  cap  is  then  in- 
serted into  one  cartridge  of  the  explosive  and 
its  attached  fuse  tied  firmly  to  it  by  a  string, 
in  order  to  make  a  primer  which  is  placed 
near  or  on  the  top  of  the  explosive.  The 
loaded  hole  will  then  resemble  Fig  i,  the  ex- 
plosive being  in  be,  the  cap  and  primer  at  c, 
and  the  fuse  along  ca.  Lighting  the  fuse  is 
the  same  as  for  ignition,  only  the  fuse  now 
fires  the  cap  whose  explosion  detonates  the 
explosive. 

The  electric  cap  resembles  the  electric  ig- 
niter, Fig.  2,  but  has  a  copper  instead  of  a 
pasteboard  case  a  and  the  quantity  of  charge 
of  fulminate  mixture  at  b  is  increased  as  the 
sensitiveness  of  the  explosive  diminishes. 
The  electric  cap  is  inserted. in  and  fastened  to 
a  primer-cartridge  like  fuse  and  cap,  the 
electric  cap  being  fired  by  a  blasting  battery 
in  the  same  way  as  the  electric  igniter. 

LOADING  AND  TAMPING. 

A  mechanical  explosive  like  black  powder 
usually  comes  in  bulk.  For  loading  it  is 
poured  into  a  cartridge  (the  size  of  the  hole) 
which  is  made  by  rolling  a  piece  of  paper 
around  a  pick  handle.  For  damp  holes  the 
cartridge  must  be  oiled,  or  soaped  on  the  out- 
side. This  paper  cartridge  is  pressed  down 
into  the  hole  by  a  soft  iron  tamping  bar 
whose    tip    shotild    be    .an    expanding    copper 


cone  grooved  on  the  edge  for  the  purpose  of 
allowing  the  copper  loading  needle  or  fuse 
to  pass.  Tamping  bars  with  iron  tips  or 
iron  needles  are  highly  dangerous  in  forma- 
tions containing  pyrite  or  other  hard  min- 
erals, on  which  the  iron  might  strike  a  spark, 
and  their  use  is  therefore  prohibited  by  law 
in   many   places. 

A  mining  explosive  of  class  11  or  III  is 
handled  in  paper  cartridges  which  can  be 
ordered  of  a  diameter  to  fit  the  hole.  Before 
loading  they  are  slit  around  lengthwise  to 
permit  of  the  explosive  taking  the  shape  of 
the  hole  when  it  is  pressed  down  by  a  tamp- 
ing bar  which  should  be  of  wood  for  these 
explosives,  instead  of  copper-tipped  iron,  on 
account  of  their  being  more  sensitive  to  any 
shock   than   black   powder. 

In  coal  mines,  coal  dust  is  commonly  used 
for  tamping  black  powder,  but  this  is  a  very 
unsafe  practice  in  dangerous  mines,  for  a 
windy  or  blown-out  shot  will  have  its  normal 
flame  increased,  both  in  length  and  duration, 
by  the  ignition  of  the  tamping.  The  best  ma- 
terials for  tamping  are  a  fine  plastic  clay  or 
loam  and  ground  brick  or  shale,  and  although 
sand  is  too  porous  to  do  well  for  black  pow- 
der, it  answers  for  higher  explosives  but  must 
be  confined  in  paper  cartridges  for  use  in  up- 
pers. 

Water  is  used  as  tamping  for  nitroglycerine 
and  high  explosives  in  wet  down-holes,  but  it 
is  little  better  than  nothing.  The  fact  that 
higher  explosives  will  break  rock  without  any 
tamping  has  caused  many  miners  to  abandon 
tamping  them  altogether  on  account  of  the 
ease  of  recapping  untamped  charges  in  case  of 
a  misfire.  Mechanical  explosives  must  be 
tightly  tamped,  nearly  to  the  collar  of  the  hole, 
or  they  will  blow  out  instead  of  breaking  the 
rock,  and  although  the  tamping  may  be  short- 
ened with  detonating  explosives,  as  they  be- 
come quicker  and  stronger,  a  short  length  of 
tamping  adds  to  the  efficiency  of  the  highest 
explosives. 

Where  only  quick-acting  explosives  of 
classes  II  or  III  are  at  hand  and  it  is  desired 
to  blast  with  the  slow  action  of  class  I,  the 
object  can  be  partially  obtained  by  special 
methods  of  loading.  These  methods  provide 
an  air  cushion  between  the  explosive  and  the 
rock  and  tamping  by  either  having  the  stick 
of  explosive  of  considerably  smaller  diameter 
than  the  drill  hole  or  by  having  a  very  porous 
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cellular  laiupiiij^  in  M-paralc  llif  light  lainiiiug 
from  tlic  explosive. 

*  ♦  ♦  ♦  ♦ 

riic  practical  usefulness  of  explosives  dc- 
pciuls  upon  {1  )  their  cost  of  manufacture;  (.2) 
their  safety  anil  convenience  as  regards  trans- 
portatit>n  and  storage;  (3)  method  necessary 
for  their  loadnig  and  expk>ding;  (4)  their  ex- 
ploding pressure ;  {S)  the  rapidity  with  which 
they  explode;  {b)  the  length  and  tenii)eralurc 
of  the  tlame.  These  six  factors  will  now  be 
discussed  seriatim.  Factor  (i),  or  the  cost, 
is  often  the  most  important  factor  in  com- 
mercial operations  like  mining  although  for 
purposes  of  war  it  is  often  little  considered. 
Factor  {2)  or  safety,  affects  the  desirability 
for  all  purposes,  the  more  sensitive  the  explo- 
sive, the  higher  the  freight  rate  by  rail  or  boat, 
and  if  sensitive  beyond  a  certain  point,  it  can- 
not be  shipped  thus  at  all.  Those  explosives 
which,  like  dynamite,  freeze  at  ordinary  winter 
temperatures  are  at  a  disadvantage  as  are  also 
those  which,  like  black  powder,  are  handled 
loose  and  can  be  easily  ignited  by  a  spark 
struck  by  a  hob-nailed  shoe  on  a  floor  spike. 
Some  explosives,  like  imperfectly  washed  gun- 
cotton,  are  liable  to  explode  by  spontaneously 
generated  heat,  while  others  become  danger- 
ously sensitive  if  exposed  to  the  sun  during 
shipment.  The  desirability  of  explosives  be- 
longing to  either  of  these  last  two  mentioned 
classes  is  plainly  discounted  because  of  these 
attributes.  The  next  factor  (3)  or  loading 
and  exploding,  is  important  in  connection 
with  conditions  such  as  prevail  in  dangerous 
coal  mines  (where  an  open  light  is  prohibited), 
in  subaqueous  blasting  (w^here  both  explosive 
and  exploder  must  be  unaffected  by  water),  or 
where  misfires  could  not  be  corrected.  Factor 
(4).  or  the  pressure,  is  what  determines  the 
real  effective  breaking  force  of  the  explosion, 
but  it  is  modified  in  practice  by  (5),  or  the 
rapidity  of  the  explosion.  Slow  and  fast  ex- 
plosives are  comparable  to  presses  and  ham- 
mers for  forging  steel.  The  former  exerts  its 
pressure  gradually  until  the  strain  exceeds  the 
tensile  strength  of  the  material  and  the  rock 
gives  way  along  a  surface  of  fracture.  The 
latter  gives  a  sharp  quick  blow  which  will 
shatter  the  surface  of  rock  exposed  to  the  ex- 
plosive before  any  fracturing  action  is  exerted 
on  the  blast's  burden  of  rock. 

The  slow  explosive  will  detach  the  rock  in 
large  masses  while  the  fast  type  may  crush  it 


to  bits.  r.l.u  k  piiwdrr  is  an  ixaniple  of  the 
first  and  uilro-glycerine  of  the  second.  ICx- 
plosivcs  with  all  graduations  of  rapidity  be- 
twicii  tluM-  extremes  are  on  the  market.  The 
fastest  explosives  are  applicable  where  the 
rock  is  very  hard  to  drill  as,  for  example,  in 
the  case  of  certain  Lake  Superior  hematites, 
or  where  a  tremendous  force  nnist  be  exerted 
from  conlined  spaces  as  in  breaking  the  cut 
for  development  passages;  also  where  a  shat- 
tering rather  than  a  fracturing  action  is  need- 
ed, as  in  chambering  the  bottom  of  drill  holes 
or  in  shooting  oil  wells.  The  slowest  explo- 
sives are  used  in  quarrying,  for  the  purpose  of 
detaching  monoliths,  or  in  consolidated  or  soft 
rock  which  can  be  fractured  by  a  slow,  pressing 
movement  but  only  dented  by  a  quick  hanmicr 
blow. 

Factor  (6),  or  the  flame  and  temperature,  is 
an  important  consideration  for  blasting  in 
gassy  or  dusty  coal  mines.  The  so-called  "per- 
missibles"  are  explosives  made  to  fall  below  a 
minimum  legal  requirement  as  regards  length 
and  temperature  of  a  flame.  When  one  con- 
siders that  a  permissible  like  carbonite  gives, 
in  practice,  a  flame  height  of  15.8  ins.  and  a 
flame  duration  of  0.0003  seconds,  as  compared 
with  50.2  ins.  and  0.1500  seconds  respectively, 
for  black  powder,  we  can  see  how  much  safer 
the  permissible  is  to  use. 


THE  WAVES  OF  THE  AIR 

We  hear  much  from  the  airmen  of  "air 
waves,"  but  the  subject  is  of  interest  aside 
from  aviation.  As  a  matter  of  fact,  we  have 
our  being  submerged  in  "waves"  to  which 
the  greatest  waves  of  the  ocean  are  mere  rip- 
ples in  point  of  size.  When  a  current  of  air 
blows  across  a  water  surface  water  waves 
are  produced,  and  when  a  current  of  air 
blows  across  a  surface  of  quiet  air,  or  air 
having  a  different  motion  from  the  first  cur- 
rent, then  air  waves  will  be  produced.  These 
atmospheric  waves  have  all  of  the  phenomena 
of  water  waves — troughs,  crests,  foaming 
breaking  and  spraying — but  since  the  quali- 
ties of  air  and  w^ater  are  so  different,  the  air 
waves  have  dimensions  more  than  twenty-five 
hundred  times  those  of  the  corresponding  wa- 
ter waves.  Thus,  the  greatest  ocean  waves 
of,  perhaps,  twenty-five  feet,  w'ould  have  at- 
mospheric counterparts  extending  upward  a 
distance  of  ten  or  twelve  miles  above  the 
earth's    surface.      The    passage    of   these    huge 
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air  waves  would  be  felt  by  us,  since  they 
would  cause  a  stirring  up  of  the  air  at  the 
earth's  surface  somewhat  similar  to  that  pro- 
duced by  the  passage  of  water  waves  over 
shoal  places.  The  undulating  movement  of 
such  air  waves  would  account  in  part  for  the 
intermittent  gusts  of  wind  that  we  notice  so 
frequently  in  storms.  The  presence  of  these 
waves  is  also  indicated  by  the  existence  of 
certain  kinds  of  regularly  formed  cloud 
groups,  in  which  each  cloud  marks  the  crest 
of  an  air  wave. 


COOLING   AND    DRYING   BLAST   FUR- 
NACE AIR  IN  WALES 

The  cooling  and  consequent  desiccation  of 
the  blast  which  has  been  so  profitably  applied 
in  American  furnaces  has  been  adopted  also 
in  North  Wales  by  the  Brymbo  Steel  Com- 
pany, where  a  refrigerating  plant  has  been 
installed  by  Messrs.  Ransoms  &  Napier,  of 
Ipswich. 

It  is  worked  principally  by  the  exhaust 
steam  of  the  blowing  engine.  The  essential 
elements  of  the  ^absorption  system  used  are 
shown  diagramatically  in  the  sketch  on  this 
page.  Ordinary  liquor  ammonia  is  placed  in 
the  generator  and  heated  by  means  of  steam. 
The  ammonia  gas  in  solution  is  driven  off 
by  the  heat  of  the  steam  and  passes  into  the 
condenser,  which  may  be  either  of  the  shell 
or  atmospheric  type,  where  it  is  cooled  and 
liquefied.  From  here  the  liquid  is  allowed  to 
escape  into  the  evaporator,  where  it  evapor- 
ates back  into  the  gaseous  form,  producing 
intense  cold,  the  gas  so  formed  passing  into 
the  absorber.  At  the  same  time  the  liquor  in 
the  generator  from  which  the  ammonia  gas 
is  driven  off,  called  "weak  liquor,"  is  allowed 
to  escape  slowly  into  the  absorber,  which  is 
kept  cool,  and  there  it  meets  the  gas  coming 
from  the  evaporator  and  rapidly  absorbs  it. 
A  strong  solution  of  ammonia  is  thus  formed, 
which  is  pumped  back  into  the  generator  to 
be  heated  and  the  ammonia  again  driven  off 
and  used  over  again,  the  process  thus  going 
on  continuously.  In  practice,  additions  are 
made  to  the  above  with  the  object  of  increas- 
ing the  efficiency  of  the  apparatus.  The  am- 
monia gas,  before  entering  the  condenser,  is 
made  to  pass  through  an  analyser  and  recti- 
fier, where  the  water  vapour  is  condensed 
and  passed  back  into  the  generator.  A  heat 
economiser  is  also  provided  to  cool  the  weak 


liquor  before  it  enters  the  absorber,  and  at 
the  same  time  heat  the  strong  liquor  before  it 
enters  the  generator. 

The  evaporator  may  either  be  of  the  shell 
or  continuous  pipe  coil  type.  In  this  the  heat 
is  abstracted  from  the  air  to  be  cooled,  by 
evaporation  of  the  ianhydrous  ammonia.  The 
air  is  dried  on  its  way  to  the  blowing  en- 
gine by  drawing  it  over  the  cooling  coils. 
In  this  way  the  moisture  contained  in  the 
air  is  deposited  and  frozen  on  to  the  pipes.  The 
frost  is  thawed  off  sections  of  the  coils  at  reg- 
ular intervals  by  the  incoming  air  while  the 
sections  are  cut  off  the  machine.  The  use 
of  brine  is  dispensed  with,  both  for  abstract- 
ing the  heat  and  moisture  and  for  thawing 
off    purposes.      The    cost    of    maintaining    the 
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Strength  of  brine  by  constant  evaporation,  or 
by  the  frequent  addition  of  calcium,  is  also 
entirely    avoided. 

It  is  impossible  at  the  present  moment  to 
determine  the  exact  benefit  of  the  recently- 
installed  plant,  as  it  has  not  been  long  enough 
in  operation,  although  the  indications  even 
now  are  most  favourable.  As  far  as  the  re- 
frigerating plant  is  concerned,  this  has  work- 
ed most  successfully  right  from  the  start,  the 
moisture  in  the  air  being  kept  constantly  be- 
low 1.5  grains  per  cubic  foot.  The  refrig- 
erating machine  has  been  working  continu- 
ously with  a  steam  pressure  of  only  one 
pound  per  square  inch.  It  is  therefore  hard- 
ly too  much  to  say  that  since  the  details  and 
construction  of  these  ammonia  absorption  ma- 
chines have  been  perfected  in  order  to  make 
them  best  suited  for  working  with  low- 
pressure  .and  exhaust  steam,  advantage  can 
be  taken  of  the  latent  heat  of  the  steam 
which  is  entirely  wasted  if  exhausted  into 
the  atmosphere,  and  in  many  cases  where  the 
steam  is  at  present  passed  into  a  condenser 
from  a  steam-driven  plant,  a  much  better  re- 
sult would  probably  be  obtained  by  substi- 
tuting one  of  these  machines  for  the  condenser 
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and  making  use  of  the  latent  luat  vi  the 
slcani  fur  rcfriy;erating  purposes.  To  work 
these  machines  with  low-pressure  steam  very 
liberal  surfaces  have  to  he  provided,  and  con- 
sequently the  lirst  cost  is  rather  more  than 
for  certain  makes  of  compression  machines. 
The  economy  and  advantages  to  be  securetl 
'by  their  use  are,  however,  sufliciently  impor- 
tant to  compensate  for  the  slightly  heavier 
cost.  As  only  a  small  liquor-circulating  pump 
is  reciuired,  apart  from  the  water  supply, 
they  are  almost  without  working  or  wearing 
parts.  They  are  therefore  specially  suited 
for  long  continuous  running,  and  by  dupli- 
cating the  ammonia  pump  practically  all  the 
advantages  of  duplicating  an  entire  compres- 
sion machine  are  secured.  No  heavy  and 
expensive  foundations  are  necessary,  as  only 
a  sutTiciently  strong  floor  is  required  to  carry 
the  "dead"  weight  of  the  machine.  The  de- 
tails of  construction  of  the  machine  are  of 
the  best  possible  character.  Those  parts 
which  come  in  contact  with  ammonia  are 
made  almost  entirely  of  steel  or  wrought  iron. 
The  vessels  are  of  the  best  mild  steel,  welded 
throughout  with  jointless  wrought-steel 
flanges.  The  tube  plates  and  principal  cov- 
ers are  cut  from  rolled  steel  plates,  and  all 
the  connecting  pipes  are  solid  drawn  with 
wrought-steel  flanges.  The  speed  of  the  am- 
monia pump  and  the  level  of  the  liquor  in 
the  absorber  are  controlled  quite  auto- 
matically. Should  a  glass  of  the  liquor-level 
gauges  break,  the  valves  automatically  shut 
oflf,  and  any  escape  of  ammonia  is  immediate- 
]}•  prevented.  When  the  water  to  be  used  for 
condensing  and  cooling  purposes  is  dirty,  and 
therefore  liable  to  cause  a  deposit,  condensers 
of  the  atmospheric  type  are  used,  and  the 
machine  can  be  so  constructed  that  all  the 
parts  with  which  the  dirty  water  comes  in 
contact  can  be  cleaned  without  stopping  the 
machine. 

The  suggestion  sometimes  made  that  ab- 
sorption machines  require  more  cooling  wa- 
ter than  compression  machines  is  not  cor- 
rect if  the  latter  are  provided  with  an  ade- 
quate supply  of  water.  In  some  cases,  how- 
ever, when  a  proper  water  supply  car-not  be 
obtained,  compression  machines  are  fitted 
with  ammonia  condensers  of  the  "evaporative" 
type,  whereby  the  bulk  of  the  water  is  used 
over  again.  By  this  means  the  condensers 
fulfil  the  double  purpose  of  condensing  the 
ammonia     and     re-cooling     the     water.       The 


economy  is,  however,  secured  at  the  expense 
of  greatly  increased  power  required  to  drive 
the  compressors,  due  to  the  higher  tempera- 
ture of  the  water  going  over  the  condensers. 
When  it  is  desirable  to  economise  the  water, 
the  use  of  separate  water  re-coolers  is  recom- 
mended, which  cool  the  water  much  more 
effectively.  The  extra  cost  incurred  in  in- 
stalling this  type  of  cooler  is  soon  repaid  by 
the  saving  in  fuel  consumption  alone. 


AIR  SAVES  ICE  IN  STORAGE 

The  following  letter  from  a  recent  issue 
of  Ice  seems  to  be  perfectly  self-explanatory: 

"Since  starting  our  plant  we  have  been 
bothered  a  great  deal  by  the  rapid  melting  of 
our  ice  in  storage,  and  when  the  storage  was 
for  a  long  period  the  loss  was  considerable. 
We  noticed  at  once  that  the  greatest  loss  was 
from  the  cakes  at  the  bottom  or  on  the  floor. 
We  finally  discovered  the  cause  and  then  ap- 
plied a  simple  remedy. 

"The  melting  was  caused  by  lack  of  air 
circulation;  the  floors  being  very  smooth,  air 
could  not  circulate  under  the  bottom  of 
the  cakes.  We  bought  a  lot  of  lumber  1x4  in. 
and  2x4  in.,  and  first  we  placed  the  ix4's  flat 
over  the  joist  but  did  not  nail  them  down; 
then  we  laid  the  2x4's  crossways  two  inches 
apart,  leaving  an  air  space  of  i  inch,  sufficient 
for  the  circulation  of  the  air. 

"The  scheme  has  worked  wonders.  The 
melting  has  been  reduced  to  the  minimum; 
the  ice  is  much  easier  to  handle  and  when 
necessary  to  clean  under  this  second  flooring 
we  have  only  to  hook  a  pair  of  blocks  to  one 
side  and  raise  it." 

We  can  understand  how  the  presence  of  the 
air,  which  is  a  notorious  non-conductor,  helped 
to  save  the  ice,  but  it  is  doubtful  whether  any 
circulation  of  the  air  contributes  to  its  effici- 
enc}'.  Probably  the  drainage  of  the  water  alsO' 
had  something  to  do  with  it. 


Glenn  H.  Curtiss  has  succeeded  in  building  a 
combination  hydroplane  and  aeroplane  with 
which  he  can  rise  from  the  water  or  alight 
thereon.  In  a  number  of  spectacular  trials 
recently  made  at  Los  Angeles,  California,  he 
proved  conclusively  that  his  machine  is  emi- 
nently practical.  As  a  hydroplane  it  is  esti- 
mated to  have  made  a  speed  of  more  than 
forty-five  miles  per  hour  on  the  surface  of  the 
water. 
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A  SERO-COMIC  VIEW  OFTHE  PANAMA 
CANAL  SITUATION* 

A  sense  of  duty  ,  mingled  with  a  feeling 
of  regret,  is  the  impulse  behind  the  words 
which  follow  : 

The  writer  has  a  friendly,  almost  a  paternal, 
feeling  for  the  U.  S.  Government  and  for  the 
Canal.  He  has,  at  great  personal  and  pecuniary 
sacrifice,  sustained  the  high-level  position  of 
two  administrations  against  enemies  who  have 
sought  to  wreck  this  great  project  by  an  at- 
tack upon  the  very  foundations  of  the  Gatun 
dam  in  an  effort  to  overthrow  that  great  en- 
gineering system  of  locks  for  a  lower  plan  of 
sea  level.  He  modestly  claims  the  ear  of  the 
public  on  the  ground  that  he  professes  to  be 
an  engineer,  as  he  holds  membership  in  all  the 
societies,  and  that  his  familiarity  with  condi- 
tions on  the  Isthmus  dates  from  the^  De  Les- 
seps  era  and  is  founded  on  several  personal 
visits.  Lastly,  he  is  a  friend  and  warm  ad- 
mirer of  Col.  Goethals. 

The  fact  is  that  slides,  too  numerous  to 
mention,  have  taken  place  at  Culebra,  and  have 
already  shown  themselves  in  fissures  in  the 
paleozoic  rocks  which  form  the  core-walls  of 
the  Gatun  dam :  It  is  even  claimed  that  as  this 
formation  is  of  aqueous  and  not  of  trachytic 
origin  there  can  be  no  hope  that  the  natural 
calorific  effects  upon  the  ground  will  close  the 
fissures,  as  has  sometimes  occurred  in  meta- 
morphic  strata  in  the  earth's  crust.  Ancon 
hills  is  itself  affected ;  no  less  an  authority  than 
Dr.  Alarosa  having  asserted  that  he  has  dis- 
covered of  late  numerous  cracks,  exudations 
and  even  traces  of  lobnitz  at  the  hospital. 

The  writer  has  personally  estimated  that 
with  a  rainfall  of  ii6j^  feet  per  annum  (the 
average  of  99  years  on  the  Isthmus)  there  is 
likely  to  be  an  erosion  through'  slides  and  fis- 
sures sufficient  in  4V2  years'  time  to  level 
Ancon  hill  and  the  Gatun  dam  to  the  height  of 
the  third  flight  of  locks  at  Miraflores.  These 
figures  take  no  account  of  the  Chagres  floods 
which  have  been  known  to  greatly  affect  the 
difference  in  tide  level  between  the  Atlantic 
and  Pacific  Oceans. 

A  Chagres  flood,  uniting  with  the  heavier 
saline  mixture  from  the  Pacific  and  accelerated 
bv  a  sudden  slide  from  the  Bohio  might  create 


'■^This  communication  was  taken  seriously 
by  the  New  York  Sun  and  published  on  the 
editorial  page  on  Wednesday,  May  24,  igri. 
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a  tidal  wave  ayaiiisl  wliuli  the  imcIo  oi  tlic 
CJalim  (lam  vvuukl  .shake  \\\<c  pebbles  uii  the 
shore  at  Fire  Ishiiul. 

Tliat  these  Culehra  sHdes  are  a  serious 
iiienace  is  well  known  to  engineers  at  Bas 
Obispo,  whose  houses  are  in  danger  and  who 
are  even  apprehensive  lest  the  igneous  rocks 
of  the  tertiary  perioii  on  the  Atlantic  end  of 
the  Canal  he  some  ila.\  swept  away,  thus  de- 
stroying all  oi  the  t'ld  iMeiieh  canal  at  Porto 
Bello  which  I'ornis  now  the  only  completed 
section. 

It  has  been  ni>ticed  that  the  IVesident  has 
not  paid  his  annual  visit  to  the  Canal;  no  group 
of  progressive  congressmen  has  gone  there, 
and  the  now  Secretary  of  War,  the  titular  head 
of  the  work,  has  ne\er  been  on  the  spot.  Is 
this  because  of  the  fear  of  a  slide?  If  so,  let 
us  not  hesitate  to  appoint  a  conunission,  a  com- 
mission of  able  engineers  who,  if  they  work 
like  beavers,  can  and  will  build  a  dam,  greater 
even  than  Ashokan  or  Gatun,  and  thereby  at- 
tain the  angle  of  rest  for  the  alluvial  algae  on 
the  slopes  of  the  Culebra  cut. 

W.  L.  S. 


INERTIA   OF  AIR  COMPRESSOR 
INTAKE 

The  article  bearing  the  .above  title,  which 
was  given  a  prominent  place  in  the  preced- 
ing issue  of  Compressed  Air  Magazine,  was 
written  by  Mr.  Snowden  B.  Redfield,  Mem. 
A.  S.  M.  E.,  and  an  associate  editor  of  the 
American  Machinist,  in  whose  pages  it  orig- 
inally appeared.  We  wish  to  express  our  ex- 
treme regret  that  proper  credit  was  not  given 
when  the  article  was  printed ;  beyond  that  we 
are  entirely  unable  to  explain  or  account  for 
the  occurrence. 

It  seems  to  be  quite  sufficiently  proven  that 
in  many  cases  indicator  cards  from  compres- 
sor cylinders  of  more  than  one  maker  do 
show  at  the  beginning  of  the  compression 
stroke  a  pressure  perceptibly  above  that  of 
the  surrounding  atmosphere,  and  Mr.  Redfield 
in  the  article  referred  to  and  in  one  or  two 
which  have  preceded  it  shows  how  the  phe- 
nomenon may  be  theoretically  accounted  for. 
We  are  not  disposed  to  magnify  the  import- 
ance of  the  matter  because  only  the  capacity 
of  the  machine  and  not  the  power  economy 
of  the  compressor  is  affected.  Another  air 
intake  condition  of  really  more  importance 
we  have  not  as  yet  discovered  the  means  of 


invesiigatnig ;  that  is  the  actual  temperature 
of  the  air  enclosed  in  the  cylinder  at  the  be- 
ginning of  eonipressi(»n.  There  is  no  com- 
pressor within  uur  knowledge  which  would 
warrant,  or  indeed  permit,  the  assumption 
that  there  is  absolutely  no  increase  of  air 
temperature  during  admission,  or  that  the 
temperature  of  the  cylinderful  of  air  when 
compression  begins  is  not  above  that  of  the 
body  of  air  from   which   it   is  drawn. 


BARGAINS  IN    COMPRESSED  AIR 
PRACTICE 

Perhaps  nowhere  in  engineering  operations 
can  we  apparently  come  so  near  to  getting 
something  for  nothing  as  in  some  of  the  de- 
tails of  advanced  and  up-to-date  compressed 
air  practice.  In  the  opening  article  of  our 
present  issue  some  of  these  things  are  spoken 
of  where  power  economics  or  other  advantages 
are  secured  or  waste  and  inconvenience  are 
avoided  without  any  operating  expense,  the 
only  cost  involved  being  in  the  providing  of 
the  additional  appurtenances  or  arrangements 
required.  The  presence  of  clean,  cold  water, 
is  indeed  called  for  in  limited  quantities,  but 
there  is  practically  no  consumption  or  disap- 
pearance of  the  water,  and  it  is  just  as  good 
for  boiler  feeding  or  for  any  subsequent  use 
as  before. 

First  there  is  the  ordering  of  such  arrange- 
ments as  will  secure  the  cleanest  and  the  cool- 
est of  intake  air,  which  entails  but  a  slight  first 
cost  in  the  installation,  while  the  advantages 
secured  extend  through  the  entire  series  of 
subsequent  operations. 

In  two-stage  or  multi-stage  compression,  as 
compared  with  single  stage,  the  additional  cost 
is  in  the  apparatus  alone,  while  there  is  a  con- 
stant saving  of  power  and  an  avoidance  of  high 
temperatures  for  the  working  surfaces  which 
pays  many  times  over,  and  as  long  as  compres- 
sion continues,  for  the  outlay. 

A  late  refinement  in  stage  compression  is 
the  use  of  a  water  separator  in  connection 
with  the  intercooler,  this  also  performing  an 
important  service  without  operating  charge. 

Then  there  is  the  aftercooler,  which  is  not 
only  a  power  saver  by  its  reduction  of  air  vol- 
ume at  the  very  beginning  of  transmission,  but 
it  is  also  the  conditioning  apparatus  which 
makes  the  air  ready  to  give  up  its  surplus  of 
moisture.  A  water  separator  in  some  form 
should  be  either  a  part  of  the  aftercooler  itself 
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or  an  immediate  adjunct  to  it,  and  the  eco- 
nomic advantage  of  the  combination,  again 
without  operating  cost,  cannot  be  cast. 

The  advantage  and  economy  of  tight  con- 
nections and  Hve  piping,  as  compared  with  a 
leaky  system,  can  scarcely  be  said  to  cost  any- 
thing either  at  the  beginning  or  during  the  con- 
tinuance of  operations  except  a  little  ordinary 
care  and  skill  in  erection  and  a  minimum  al- 
lowance of  the  same  in  the  maintenance  of 
the  plant. 

It  is  not  necessary  to  speak  of  the  reheating 
of  the  air  immediately  when  and  where  it  is 
used,  which  seems  to  be  only  practicable  for 
continuous  service.  The  reheating  of  course 
costs  a  little  in  fuel,  but  nowhere  in  the  entire 
range  of  thermodynomics  is  there  a  greater 
power  bargain  offered. 


THE  REACH  OF  THE  STONE 
CHANNELER 

Looking  out  from,  say,  a  fifteenth  or  .a  twen- 
tieth-story window  of  one  of  the  latest  office 
buildings  of  lower  New  York  City,  one  real- 
izes the  vast  difference  between  the  old  and 
the  new  constructions,  and  the  wonderful  jump 
which  has  been  made  in  the  building  habit  in 
the  last  score  of  years. 

Large  masses  of  the  old  buildings  still  sur- 
vive, rising  quite  uniformly  to  a  height  of  five 
or  six  stories,  and  from  the  irregular,  approxi- 
mate level  of  their  roofs  the  new  buildings 
tower  a  dozen  or  a  score  of  stories  higher. 
In  comparing  the  new  structures  with  the  old, 
it  will  appear  that  there  has  been  not  only  a 
complete  transformation  of  building  methods, 
but  also  a  change  quite  as  complete  in  the  ma- 
terials of  construction,  the  former  being  largely 
the  result  of  the  latter. 

The  modern  building  could  never  have  been 
even  planned  until  the  steel  and  the  stone  and 
the  concrete  came  in  sight  and  became  readily 
and  cheaply  procurable.  The  dominant  build- 
ing material  of  the  latest  completed  century 
was  brick,  with  wood  for  the  floor  timbers,  and 
later  iron  beams ;  now  bricks  are  the  incidental 
and  the  supplemental  rather  than  the  most 
essential  element,  and  stone  instead  of  brick 
strikes  the  eye  in  all  the  newer  city  erections. 

While  there  is  much  wondering  exclamation 
and  much  glorification  over  the  skyscrapers 
and  the  other  pretentious  and  imposing  struc- 
tures of  recent  years,  nothing  but  ultimate 
pecuniary    profit    has    dictated    their    erection. 


Modern  buildings  are  a  great  bargain  at  the 
beginning,  and  they  are  built,  first  of  all,  be- 
cause they  are  really  cheap.  It  has  been  said 
that,  where  the  most  pretentious  office  building 
of  half  a  century  ago  cost  two  dollars  per  cubic 
foot  of  available  space  enclosed,  the  corre- 
sponding jcost  of  the  later  erections  is  not  more 
than  one-quarter  of  that  amount. 

One  of  the  most  persistent  and  effective 
cheapeners  of  stone  production  for  the  rebuild- 
ing and  the  upbuilding  of  our  modern  cities  all 
over  the  land  is  the  stone  channeler.  Not 
many  who  walk  city  streets  or  who  ply  their 
various  schemes  and  activities  in  the  big  new 
buildings  have  ever  seen  a  stone  channeler  at 
work,  yet  they  all  must  owe  a  lifelong  indebt- 
edness to  it  for  helping  to  provide  the  best 
business  accommodations  the  world  has  ever 
known. 

The  largest  single  complete  structure  in  the 
world  built  entirely  of  marble,  and  its  exterior 
all  of  marble  from  a  single  quarry — the  Metro- 
politan Life  building,  in  New  York,  with  its 
already  world-famous  tower — owes  its  exist- 
ence, among  other  agencies,  to  the  stone  chan- 
neler; and  it  may  be  said  that,  without  the 
channeler,  while  its  erection  would  not  have 
been  physically  impossible,  financially  it  would 
have  been. 

The  stone  channeler,  to  a  considerable  ex- 
tent, dictates  or  determines  the  kind  of  stone 
that  we  shall  use  for  our  buildings.  While 
we  may  fret  and  worry  about  the  prospective 
exhaustion  of  our  coal  and  our  iron,  we  cannot 
exhaust  the  stone  which  may  be  used  for  build- 
ing purposes.  Some,  however,  as  the  granites, 
the  channeler  cannot  cut,  while  others  it  walks 
into  quite  rapidly ;  and  the  latter,  therefore,  is 
the  stone  which  is  becoming  all  the  fashion 
for  general  building  purposes. 

It  is  a  curious  thing  that,  in  contrast  to  the 
Metropolitan  Life  building,  referred  to  above, 
as  the  product  of  the  channeler,  there  is  rising 
also  in  New  York  one  of  the  most  imposing 
structures  designed  and  erected  by  man,  the 
Cathedral  of  St.  John  the  Divine,  in  whose 
erection  the  channeler  cannot  claim  a  promi- 
nent part.  The  materials  of  which,  mostly,  it 
is  constructed  have  not  been  gotten  out  by  the 
channeler.  We  may  reasonably  expect  this 
building  to  outlive  all  the  others  within  sight 
of  it ;  but,  according  to  our  modern  habits  of 
change,  they  will,  doubtless,  all  last  long 
enough. 
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NEW  BOOKS 

lloMK  Wati;k\m)kks.  a  iMamial  of  Water 
Supply  in  Country  Homes,  by  Carlcton  J. 
Lynde.  New  York  Sturgis  tJt  Walton  Com- 
pany, 191 1,  280  pages,  io()  illustrations;  75 
cents  net. 

This  is  a  volume  of  The  Young  i^'armer's 
Practical  Library  anil  it  is  in  every  way  so 
excellent  and  complete  in  its  treatment  of  its 
special  topic  that  it  carries  a  strong  presump- 
tion in  favor  of  the  others  of  the  set,  which 
thus  far  comprises  ten  numbers.  Practically 
everything  that  could  be  thought  of  in  con- 
nection with  the  sources  of  water  and  the 
means  of  conveying  an(}  using  it  for  house 
and  farm  service  is  here  presented  in  the  full- 
est and  clearest,  and  at  the  same  time  in  the 
simplest,  terms  conceivable.  There  is  not  a 
wasted  word  nor  the  slightest  suggestion  of 
padding. 


MEASURING  GAS   PRESSURES 

In  the  natural  gas  fields  the  unit  of  pres- 
sure is  ounces  per  square  inch,  in  manufac- 
tured gas  distribution,  inches  of  water ;  and, 
in  high  pressure  distribution  either  inches 
of  mercury  or  pounds  per  square  inch.  A  con- 
venient table,  which  might  be  indefinitely  ex- 
tended, for  the  comparison  of  these  units  may 
be  arranged  as  follow^s : 

Av.  ounces  Inches  head  Inches  head  Lbs.  per  sq. 
per.  sq  in.      of  water,      of  mercury,     in.  gage. 

1 1.7  0.125  0.062 

2 34  0.250  0.125 

3 5-2  0.375  0.185 

4 6.9  0.500  0.250 

5 8.6  0.625  0.310 

6 10.3  .    0.750  0.375 

7 12.0  0.875  0.437 

8 13.8  1.000  0.500 

9 15-5  1125  0.437 

10 17.2  1.250  0.625 

II 190  1.375  0.687 

12 20.8  1.500  0.750 

13 22.5  1.625  0.812 

14 24.2  1.750  0,875 

15. .  .-. 26.0  1.875  0.937 

16 27.7  2.000  I.OOO 


TABLOID  FUEL 

"It  is  stated"  that  experiments  are  being 
made  by  the  French  ministry  of  war  to  de- 
termine the  efficiency  of  tabloid  fuel.  The 
tabloid  is  an  essence  of  gasoline  distilled  on  a 
ratio  of  .0006  of  its  original  volume.     It  is  re- 


duced to  a  pasty  consistency  which  may  be  cut 
into  tabletN.  The  new  fuel  is  called  "con- 
petroiine,"  and  is  the  discovery  of  a  French 
ollicer  who  is  an  expert  chemist.  It  is  said  to 
be  non-combustible  and  non-exi)losive.  For 
practical  use  it  is  diluted  with  a  liquid  whose 
formula  is  carefully  guarded.  The  tabloid 
fuel  is  expected  to  work  a  revolution  in  aero- 
nautics by  reducing  the  weight  of  fuel  that  is 
carried  to  practically  nothing.  Scientists  have 
been  at  work  on  the  problem  of  concentrating 
gasoline,  alcohol  and  petroleum  many  years, 
and  the  tablet  for  fuel  is  said  to  solve  the 
problem.  It  is  predicted  that  the  coal  bunkers 
of  ocean  liners  of  to-day  will  be  replaced  by  a 
few  packing-boxes  of  the  new  fuel,  and  thus 
a  great  economy  of  space  with  no  loss  of 
efficiency  and  an  avoidance  of  smoke  will  be 
attainable.  These  tabloids  should  certainly 
possess  powerful  medicinal  properties,  but  it 
could  never  be  safe  to  take  one  without  at 
least  a  grain  of  salt. 


THE  PARCELS  POST 

The  people  who  oppose  parcels  post  in 
America  when  every  other  enlightened  country 
of  consequence  has  it,  are  just  as  consistent 
as  those  who  oppose  good  wagon  roads.  Those 
persons  are  contributing  to  the  express  graft 
which  is  merely  auxilliary  to  the  railroads. 
The  country  merchant,  even  if  it  were  true 
that  parcels  post  would  injure  him,  is  not  the 
only  pebble  on  the  beach.  In  the  creation  of 
laws,  we  must  ever  consider  what  is  of  the 
greatest  good  for  the  greatest  number.  The 
farmers  are  going  to  buy  where  they  can  get 
the  most  for  their  money,  whether  they  have 
parcels  post  or  not. — Northwest  Farm  and 
Home. 


COMPRESSED  AIR  ON  THE  BRAIN 

A  Washington  patent  attorney  relates  an  in- 
cident regarding  perpetual  motion  that  came  to 
his  know^ledge.  He  returned  from  luncheon 
one  day  to  find  two  gentlemen  waiting  in  his 
office.  One  of  them  had  a  huge  roll  of  blue 
prints,  so  large  that  the  attorney  had  to  invite 
them  into  an  unused  room,  where  the  plans 
could  be  spread  out  more  comfortably.  The 
visitor,  who  was  the  inventor,  was  most  elo- 
quent. He  had,  he  explained,  an  invention  of 
a  locomotive  which  would  run  by  compressed 
air,  the  compressed  air  to  be  generated  inside 
the   engine   itself. 

The  attorney  who  had  listened  patiently  to 
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these  descriptions,  gave  a  quick  glance  at  the 
other  visitor,  who  perpetrated  a  very  decided 
wink.  This  was  sufficient  for  the  attorney, 
who,  after  some  difficulty,  got  rid  of  the  call- 
ers. He  promised  to  look  at  the  plans  again 
at  his  leisure,  and  gravely  accepted  the  fee 
of  twenty-five  cents  which  the  "inventor" 
handed  him.  He  dared  not  decHne  it,  as  he 
realized  then  that  his  visitor  was  mentally 
unbalanced,  and  that  the  refusal  of  the  coin 
might  be  the  signal  for  an  outburst. 

As  the  "inventor"  had  left  his  name,  the 
attorney  looked  up  his  files  and  found  that 
the  call  had  been  made  by  appointment.  The 
man  with  the  perpetual  compressed-air  engine 
had  written  for  an  appointment,  and  the  attor-;* 
ney  scenting  a  client  had  invited  him  to  call 
and  bring  his  plans.  There  had  been  no  inti- 
mation in  the  correspondence  that  the  man's 
device  was  of  the  character  disclosed.  The 
attorney  had  thus,  unwittingly,  courted  a  call 
from  an  inmate  of  St.  Elizabeth's,  the  great 
asylum  for  the  insane  which  lies  across  the 
Anacostia  River  from  Washington. — Scientific 
American. 


hose  at  full  pressure,  then  play  directly  on  the 
drill  attachment  to  blow  off  all  grit  possible. 


NOTES 

A  coal  mine  explosion  in  the  Banner  mine 
at  Littleton,  Ala.,  April  8,  entombed  128  men, 
none  of  whom  were  rescued  alive.  Of  these 
men,  123  were  convict  laborers.  The  damage 
to  the  mine  itself  was  comparatively  slight, 
being  estimated  at  $1,200. 


It  has  been  shown  that,  in  the  ordinary 
power  station,  the  cost  of  fuel  ranges  from  40 
to  50  per  cent,  of  the  entire  operating  cost,  so 
that  an  economy  of  10  per  cent,  on  the  coal 
bill  represents  a  saving  of  about  5  per  cent,  on 
the  whole  cost  of  running  the  plant. 


It  is  understood  that  duralumin,  the  new 
alloy,  is  used  for  the  metal  work  of  the  new 
British  naval  airship  constructed  by  Vickers, 
Sons  &  Maxim.  This  airship  is  said  to  be 
560  ft.  long,  to  have  a  lifting  capacity  of  21 
tons,  and  to  require  706,330  cu.  ft.  of  gas. 


More  drills  are  ruined  from  grit  carried  to 
the- cylinder  from  the  end  of  the  air  hose  after 
it  has  been  lying  on  the  floor  than  from  any 
other  cause.     Before   attaching,  blow  out  the 


"It  is  said"  that  in  a  self-balancing  aero- 
plane, invented  by  J.  F.  Cooley,  it  is  pro- 
posed to  use  compressed  air,  not  only  for 
starting  the  motor,  but  to  keep  it  going  long 
enough  in  case  of  failure  of  ignition  of  gaso- 
lene to  prevent  the  serious  accidents  which 
have  occurred  from  this  cause  in  the  past. 


Electric  power  has  been  sold  in  California 
as  low  as  70  cents  per  hundred  kilowatt 
hours,  or,  say,  523E4  cents  per  hundred  horse- 
power hours. 


A  new  and  absurd  system  of  tunnel  driving 
has  been  invented  by  a  Utah  man,  a  patent 
for  which  is  now  pending  in  U.  S.  patent  of- 
fice. The  system  is  to  direct  an  intense  heat 
against  the  breast  either  with  fuel  oils  or 
electricity,  and  after  concentrating  this  heat 
to  suddenly  direct  the  cold-air  blast  against 
the  heated  formation. 


The  heights  of  the  larger  chambers  in  the 
Mammoth  Cave  have  been  m.easured  by  toy 
gas  ballons  with  measuring  strings  attached 
and  acetylene  lamps  to  show  when  the  roofs 
were  touched.  The  Rotunda  was  found  to 
be  40  feet  high  and  the  Mammoth  Dome  one 
hundred  and  sixteen  feet,  while  the  top  of  Gor- 
in's  Dome  could  not  be  reached  on  account 
of  deflecting  air  currents. 


At  the  present  we  have  in  the  United 
States  350,000  miles  of  track,  60,000  locomo- 
tives, 50,000  passenger  cars  and  2,000,000 
freight  cars.  The  weight  of  the  locomotives 
in  working  order  has  increased  from  75,000 
lb.,  in  1870,  to  300,000  lb.,  in  191 1,  the  Mallet 
compounds  weighing  even  450,000  lb.,  and 
the  tractivepower  has  naturally  increased  in 
the   same   proportion. 


For  some  time  the  United  States  Steel  Cor- 
poration has  considered  plans  for  installing 
a  cooling  system  in  each  of  the  hot  mill  de- 
partments of  the  plants  of  the  American 
Sheet  &  Tin  Plate  Company.  At  a  recent 
meeting  of  the  Finance  Committee  the  appro- 
priation was  passed  and  work  will  be  started 
at   once,   so   that   workmen   in   all   these  mills 
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in  the  coming  summer  will  have  the  hi-iKlU 
t)f  tliis  arraiigenu-nl  tor  iiilrochicing  coolcil 
air. 


Drdcrs  have  been  placed  by  tlu-  ConsDli- 
dated  Gas.  Co.  of  New  York  and  its  alhed 
company,  the  Brooklyn  Union  Gas  Co.  of 
Hrooklyn.  for  21  Terry  steam  turbine-driven 
Stnrtevaut  gas  blowers  to  operate  at  2,400 
K.  P.  M.  The  individual  turbines  are  re- 
ported to  be  the  largest  yet  applied  to  work 
of  this  kind,  and  the  order  is  the  largest  yet 
received  for  this  type  of  unit. 


The  British  engineering  papers  arc  report- 
ing the  following  performance  in  metal  cut- 
ting: One  man  employed  by  the  Knowles 
Oxygen  Company,  Ltd.,  cut  through  42  gir- 
ders, 15x5  in.  section,  in  4^  hours,  with  a 
consumption  of  less  than  200  ft.  of  oxygen 
and  300  ft.  of  hydrogen.  Reckoning  labor  at 
1  shilling  per  hour  the  cost  figured  out  6 
pence  per  cut. 


The  chapter  on  natural  gas  from  "Mineral 
Resources  of  the  United  States  for  1909,"  al- 
though unusually  late,  gives  rieturns  more 
complete  than  formerly.  The  industry  sur- 
passed in  1909  the  record  of  any  previous 
year,  both  in  quantity  and  in  value.  Of  the 
total  value  of  $63,000,000,  Pennsylvania  led 
with  $20,475,000;  West  Virginia  came  next 
with  $17,538,000;  Ohio  was  third  with  $9,966,- 
938,  and  Kansas  was  fourth,  with  $8,293,- 
846. 


It  is  understood  that  the  Southern  Pacific 
has  decided  to  begin  at  once  the  w^ork  on  the 
great  tunnel  to  be  run  under  the  Sierra  Nevada 
Afountains  betw^een  Cisco  and  Donner,  Cal. 
The  tunnel  will  be  nearly  six  miles  long.  It 
will  shorten  the  distance  of  the  Southern  Pa- 
cific across  the  Sierras,  with  a  better  grade 
and  freedom  from  trouble  caused  by  snow. 
With  the  completion  of  the  cut-off  to  Colfax 
there  will  be  a  double  track  to  that  point  from 
San  Francisco. 


The  huge  airship  which  is  building  for  the 
British  navy  at  Vickers'  Sons  and  Maxim,  will 
be  the  largest  airship  yet  constructed,  the 
overall  length  being  600  feet.  It  is  of  the 
rigid  type,  the  framework  being  built  of  an 
alloy     of     aluminium     known     as     duralumin, 


which  has  a  strc-ngth  and  hardness  ecpial  to 
mild  steel.  The  ship  will  have  two  gondolas, 
in  the  lirst  of  wineli  will  i)c' a  motor  driving  two 
propellers,  and  in  the  second  a  motor  driv- 
ing a  single  proi)eller.  The  engine  power 
and  speed  have  not  been  yet  announced. 


The  increasing  use  of  artesian  wells  as  a 
source  of  water  supply  is  making  a  marked 
improvement  in  the  health  conditions  in  some 
parts  of  the  Philippine  Islands.  According 
to  the  recently  issued  Special  report  of  the 
Secretary  of  War  on  the  Philippines,  429 
wells  are  already  in  operation.  The  dangers 
incident  to  drinking  raw  surface  water  is 
well  known  to  all  who  have  had  experience 
in  the  Islands,  and  the  people  have  come  to 
appreciate  this  new  source  which  furnishes 
a  wholesome  water  without  the  former  pre- 
cautions of  distilling  or  boiling.  A  number 
of  experiments  have  failed  to  find  any  water 
at    Iloilo   on    the    Island    of    Panav. 


It  is  held  by  high  authority  that  matter  is 
neither  continuous  nor  homogeneous.  Hydro- 
gen can  be  passed  into  a  vacuum  tube  through 
an  incandescent  platinum  window.  In  a  simi- 
lar way  sodium  passes  through  glass,  and  this 
is  a  useful  fact  in  the  manufacture  of  vacuum 
tubes,  because  sodium  can  be  passed  into  the 
tube  to  absorb  the  residual  oxygen.  Hydro- 
gen can  pass  through  cold  iron.  Matter  may 
therefore  be  generally  regarded  as  full  of  un- 
occupied communicating   spaces. 


Compressed  air  works  like  a  charm  for 
cleaning  boiler  tubes,  leaving  them  as  clean  as 
on  the  day  they  were  put  in.  This  is  the 
verdict  of  a  correspondent  of  the  Engineer 
who  had  formerly  used  .steam  hose  for  this 
purpose,  but  upon  the  installation  in  the  plant 
of  a  large  air  compressor  for  pumping  water, 
tried  the  compressed  air  method.  The  air 
pressure  was  about  200  lb.  per  sq.  in.,  and  the 
rest  of  the  apparatus  consisted  of  a  ^-in.  hose 
with  a  straight  piece  of  ^-in.  pipe  for  the 
nozzle. 


The  Isthmian  Canal  Commission  has  con- 
tracted for  10,000,000  lbs.  of  dynamite  to  be 
used  during  the  fiscal  year  ending  June  30, 
1912.  Saltpeter  dynamite  is  specified  and  an 
analysis  of  the  materials  will  be  made.  If 
there  is   a   variation   of   3   per   cent,   from   the 
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contract  strength  the  dynamite  will  be  re- 
jected, and  for  a  variation  of  more  than  i 
per  cent,  and  less  than  3  per  cent,  it  will  be 
accepted  at  a  reduction  of  I5cts.  per  100  lbs. 
for  each  i  per  cent,  reduction  from  the  con- 
tract strength  required. 


We  know  of  a  fellow  who  once,  in  fun, 
called  himself  an  "industrial  chemist" — quite 
a  high  sounding  term.  When  asked  what 
his  line  was  he  said  that  he  manufactured 
carbonic  acid  gas.  Then,  he  went  on  to  tell 
that  he  was  interested  in  the  study  of  how 
to  utilize  a  certain  byproduct,  carbon  mon- 
oxide. In  plain  English,  he  meant  that  he 
was  a  fireman.  The  carbonic  acid  gas  which 
he  manufactured  was  the  CO2  in  the  flue 
gases ;  the  carbon  monoxide,  what  he  called 
^'byproduct,"  was  the  CO  which  was  form- 
ed   through    incomplete    combustion. — Power. 


On  the  Lackawanna  cut-off  between  Hopat- 
cong  and  Slateford,  where  some  of  the  heavi- 
est cutting  and  embankment  in  the  history  of 
railroad  construction  is  being  done,  a  huge 
blast  was  recently  set  off  which  dislodged  19,- 
500  cubic  yards  of  material.  A  tunnel  4  by 
5  feet  was  driven  into  the  side  of  the  hill  and 
terminated  in  a  cross  tunnel  of  the  same  sec- 
tion, 91  feet  in  length.  The  amount  of  explo- 
sives placed  in  the  tunnel  was  21,250  pounds 
of  Judson  R.  R.  P.,  and  12,000  pounds  of  60 
per  cent.  Red  Cross  dynamite. 


A  new  book  of  instructions  printed  in  nine 
languages  has  just  been  issued  by  the  Penn- 
sylvania Railroad  for  the  government  of  em- 
ployees working  on  or  about  the  tracks.  The 
16  rules  are  first  given  in  English,  and  fol- 
lowing it  are  translations  into  German, 
Greek,  .  Hungarian,  Italian,  Lithuanian,  Pol- 
ish, Slovak  and  Swedish.  In  the  average 
track  gang  in  this  section  of  the  country  there 
are  from  three  to  six  nationalities  represent- 
ed. The  poorer  classes  of  immigrants  of  the 
present  day  are  not  so  very  ignorant ;  prac- 
tically all  of  the  men  can  read. 


A  mine  disaster  at  the  Pancoast  colliery  in 
Throop,  near  Scranton,  Pa.,  April  7,  caused 
the  death  of  74  persons,  one  of  whom  was 
Joseph  Evans  of  the  United  States  rescue 
squad.  He  was  suffocated  while  wearing  an 
oxygen  helmet,  presumably  due  to  the  failure 


or  interruption  of  the  oxygen  supply.  The 
men  entombed  in  the  mine  were  caught  by  a 
fire  which  started  in  a  hoisting-engine  room 
on  the  lowest  level,  750  ft.  below  the  sur- 
face. When  the  fire  started,  300  men  were  at 
work  in  the  mine.  The  men  killed  were  in  a 
"blind  tunnel,"  escape  from  which  was  cut 
off  by  the  fire.  The  bodies  of  the  victims 
were  recovered  by  helmeted  resuce  gangs  on 
the  day  following  the  disaster.  Death  in  all 
cases,  according  to  reports,  was  due  to  suf- 
focation. ■ 


In  an  effort  to  find  a  cheap  substitute  for 
rubber  interesting  experiments  have  been  made 
with  two  bituminous  minerals,  elaterite  and 
tabbyite.  Material  very  similar  to  rubber  can 
be  produced,  for  which  good  wearing  qualities 
are  claimed  when  used  in  automobile  tires  and 
elsewhere.  Other  varieties  of  bitumens  similar 
to  elaterite  and  tabbyite  have  recently  been 
discovered.  One  of  these,  known  as  wiedgerite, 
is  a  soft,  moist  material  about  the  color  and 
consistency  of  liver,  which  turns  black  on  ex- 
posure. Wiedgerite,  which  is  somewhat  high 
in  sulphur,  is  claimed  to  be  especially  valuable 
for  the  manufacture  of  rubber  substitutes. 


The  explosives  chemical  laboratory  of  the 
United  States  Bureau  of  Mines  at  Pittsburg, 
Pa.,  is  contemplating  a  study  of  the  influence 
of  temperature  and  pressure  upon  the  rate  of 
burning  of  time  fuse.  It  has  been  found  that 
fuse  having  a  normal  rate  of  burning  of  27 
seconds  per  foot  may,  under  the  influence 
of  pressure  alone,  burn  as  fast  as  8  seconds 
per  foot.  Conditions  of  temperature  may 
cause  it  to  burn  as  slowly  as  70  seconds  per 
foot.  A  centrifugal  method  has  been  de- 
veloped for  determining  the  liability  of  ex- 
plosives to  exude  or  "leak"  nitroglycerine  from 
cartridges.  Many  accidents  have  occurred 
from   this   cause. 


LATEST  U.  S.  PATENTS 

Full  speciiications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  {not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

APRIL   4. 

988,324.  SEALING  MEANS  FOR  VACUUM- 
JACKETS.     John  L.   Pate,   Chicago,   111. 

988,345.  SANITARY  VACUUM  CHIP  -  RE- 
MOVER.     Louis   S.   Irgens,   Oakland,   Cal. 
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1»8S.352.       INllALKK.       Jamks     I  ».     Ki;nu.    iJifriiH 

Fork,  I  ml. 
itSS.354.       VIOSSIOI.    CONSTUrCTlON,       HoiiKur 

0.  Kino,   Norlh    TiiiiawaiHla.   N.    Y. 

1.  The  coiiihiiialUm  ol'  a  scilt'S  of  air-locks, 
♦•ach  coinpiislnK  Ji  hollow  o|mm  I'lulfd  hotly  por- 
tion ami  clotat'hahU'  t'iul-closnr»>s,  said  hody  i>or- 
llons  ht-intj  of  »lilTt  ifiit  sizes  in  cioss  si-rlioii  to 
adapt  tlu'in  to  Ix-  inslrd  om-  witiun  tlic  othi-r. 
ytiS,4(tS».  KQlIAI.lZI-ni  l-'Oli  l'NI-:iLMA'l'I(:  AC- 
TIONS.     lOncK.VK  'i\  'I'uuNKV.    liock   Island.  111. 

98S.4St).       I'XKUMATK'    SI-n'A  KA'l'OK.       lloitKUT 

AIooniK,     Ua\l»iKli.     lOiiKlaiid. 
988.604.      FLUin-lMllOSSimii:    l!K.\Ki:.    WAi/ncR 

V.   'J'UUN'KK.    IO(lK«\vood.    I'a. 
988.014.     AIIMA)t^K.    Wim.ia.m    Wam.ack   Woth- 

EUSi'ooN.    Nt'W    York     N.    Y. 
988. (MS.        (U)\10KNOK      FOR      AIR-COM  I 'RIOS- 

SORS.     IhnvAKi)  M.  P.  MUKi'iiY.  Pittshurg.  I'a. 
988.tJSJ).        FLUin-PRFSSURF     VALVE.       I^m- 

BKKT  J.   BoKDO.    Philadolphia.   Pa. 
988.t;n:^      SPRAYINO    APPARATUS.      TTahhy    T3. 

Chai.mkrs.   Dodham.   Mass. 


O.   Galuraith, 
Griffith      D. 

SHAFTS       IN 
Frank 


iiu'xuis  for  )M-nMitliiiK  mov<'in»'iit  of  said  |»iin'  hcc- 
llon  wla-n-hy  tlic  air  witiiiii  tlu'  icccptaclc  is 
caiist'd  to  (;hanK<-  its  diiiclioii  and  thfrt-by  carry 
the  niattrial  willi  wiiicli  it  Is  laden  to  various 
parts  of  tlu-  object  to  l)c  coated  tliercwith. 
U8K.!tt)S.      AIR-BRAKE.      Gkohuk 

Ridunund.   Cnl. 
nH!>,or)l.  POWER-IIAMMFR. 

RoHKKTS,   C'ohirnhus,    Wis. 
I>H!t,110.  SINKINiJ         DIOFP 

WATlOR-IMI'KIOCNA'i'i:!:)   GROUND. 

ltii>MN(;s.   Cleveland,   Oiiio. 

1.      The    herein    described    process    of    sinking 

shafts  tluonffh  water-iinpreg-nated  ground  which 
consists  in  lowering  into  tlu;  excavation  a.s  it  Is 
de«'pened  a  sliaft  having  an  air  caisson  at  Its 
lower  (.'ud,  in  draining  water  from  the  surrouml- 
ing  ground  into  said  shaft  tlirough  ports  in  the 
walls  thereof  above  said  caisson,  and  in  i)nniiiing 
said  water  from  the  shaft. 

989.152.      AUTOPNEUMATIC  PIANO.      Ada.m  J. 
HoBART,   St.   Johnsville.   N.   Y. 
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988,708.      MILKING  APPLIANCE.      Jacob  Hen- 

RicHSEX    and    Carl    Johannes    Hemmingsen, 

Copenliagen.    Denmark. 
988.789.      FLUID-BRAKE.   Otto  Lauber,   Essen- 

on-the-Ruhr,   Germany. 
988,864.       AIR-BRAKE    MECHANISM.       Frank 

S.    Cravens.    Lexington,   Kv. 
988.917.      AIR-PRESSURE   INDICATOR.  Henry 

W.  Walker,   Syracuse,  N.   Y. 

APRIL   11. 

988.978.       APPARATUS     FOR     COATING     OB- 
JECTS    WITH      SUBDIVIDED     ]\L^TERIAL. 
George  L.  Cragg,  Chicago,  111. 
2.      Apparatus    for    coating    objects    with    sub- 
divided  material   carried   by   air.   including  a   re- 
ceptacle  for   the   objects :    a    pipe    section    whose 
bore  is  in  communication  with  the  receptacle  In- 
terior ;    means    for    effecting    forced    passage    of 
air   through   the   bore   of   said  pipe   section ;    and 


989,174.       GAS    AND    AIR    MIXER.      Frank    C. 

Merrege,  Marine  City,  Mich. 
989.2.50.      TRANSMISSION    OF    SOUND.      Delia. 

M.  Gray,  Highland  Park,  111. 
989,296.      PNEUMATIC    STACKER.      Frederick 

L.    Sattley,    Indianapolis,    Ind. 

989.384.  AIR-CUSHION  FOR  PRINTING- 
PRESSES.     Robert  Miehle,   Chicago,   III. 

989.387.  CASTING- MACHINE.  Virgil  H. 
Mills,   Hubbard,  Tex. 


SIGNAL. 
Okla. 

SAFETY 
Carl    R. 


George     J. 


AIR     AND 
Dick,    New 


989.460.  AIR-BRAKE 
Westphal,  Oklahoma, 

989.489.  AUTOMATIC 
STEAM  COUPLING. 
Smyrna,  Fla. 

989,520.      FLYING-MACHINE.  Joseph  A.   Blon- 
DiN,   Los  Angeles,    Cal. 

989,530.       SUBMARINE    ARMOR.      Chester    E.. 
Macduffee,  New  York,  N.  Y. 
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989,545.  APPARATUS  FOR  SEPARATING 
DUST,  DIRT,  LEAVES,  AND  OTHER  IM- 
PURITIES FROM  WOOL,  HAIR,  COTTON, 
AND  OTHER  FIBROUS  MATERIALS.  John 
Hampson,  Chilworth,  England. 
APRIL   18. 

989,558.  OILER  FOR  PRESSURE  -  FLUID 
TOOLS.  Lewis  C.  Batles,  Johannesburg-, 
Transvaal. 


989,562.      CAN-TESTING   MACHINE.      William 

D.   Brooks,   Baltimore,  Md. 
989,578.       MOLDING-MACHINE.       Albert     De- 

viLLE,   Charleville,  France. 

989,583.  APPARATUS  FOR  TRANSMITTING 
POWER.  James  Dunlop,  Dennistoun,  Glas- 
gow,  Scotland. 

1.     In  a  closed  circuit  system  for  transmitting 
power  by  compressed  air,  the  combination  of  an 
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air  compressor,  an  isolating  valve  and  an  atmos- 
pheric valve  in  said  circuit,  and  pilot  valve  ele- 
ments automatically  controlled  by  the  pressure 
in  said  systeiii  for  controlling  the  opening  and 
closing  of  said  isolating  and  atmospheric  valves. 
989,586.  AIR-COOLING  MACHINE.  Robert 
H.  Easterling  and  William  A.  Earterling, 
Augusta,  Ga. 
989,593.      MOLDING-MACHINE.   James   J.   FiTZ- 

siMMOXs,   Baltimore,   Md. 
989,821.       PNEUMATIC     OBSERVATION-TOW- 
ER.    Joseph  J.   Stoetzel,  Chicago,  111. 
1.     An  observation  tower,  comprising  a  tower, 
having    air-tight    walls,    a    piston    fitting    closely 
between    the    walls,    rotative    passenger    carrying 
mechanism    mounted    on    the   piston,    and    means 
for   pneumatically   operating   the   piston. 
989.880.         AIR  -  SUPPLYING      DEVICE      FOR 
FIREMEN.     George  W.  Shaw,  Buffalo.  N.  T. 
989.894.      PNEUMATIC    INSOLE    AND    ARCH- 
SUPPORT.     Matthew  Byrne,  San  Francisco, 
Cal. 
989.923.         COMPRESSED-GAS      GENERATOR. 
Heinrich     Parzeller,     Essen  -  on  -  the  -  Ruhr, 
Germany. 
989.927.     OBTAINING  NAPHTHA  FROM  NAT- 
URAL GAS.     George  M.  Saybolt,  Jersey  City, 
N.   J. 


1.  Tlu'  prcK'.i'.s.M  of  ((htaluiiiK  ii.iplitliM  frnin 
(•i>ii)lniHtll)|c  KiiM  <»f  natural  orlKlii  and  uinlt-i- 
KioihkI  .Mdiiicc  of  llic  khid  HUi)pll('(l  by  ini'.ius  of 
Wills    aiiij    pipe    liiif.s    to    cltlr.s    for    consuini)t Ion 

tluTf'lll.        Wllicll        plorcS.S       COn.sl.SlH       in       HUttJlCtlutf 

such  K.'is  in  the  rr(|ul.sitf  larKc  amount  on  th<! 
way  from  il.s  underground  sources  to  It.s  plac«*H 
of  cousiiinpt  ion  and  inidt-r  a  high  prcssurr,  not 
ii'ss  than  about  tliirty  pound.s  to  lh«'  scjuarc  liicli 
al)o\i-  at luosplu  lie  pit'ssun-,  to  a  naplitha  ab- 
sorbing nuiistruuiu.  and  by  tlic  aid  of  tlu-  sannr 
umh'i-  .said  high  pressure  effecting  the  separation 
in  industrial  <|uantity  from  said  gas  of  a  natural 
gas  naplitlia  li(|uid  at  atmospiieric  pressure  and 
ti'inperatuic  and  applical)!^  to  tlu'  uses  of  po- 
tioleurn  naplitlia  of  similar  volatility,  substan- 
tially  as  (h'scribed. 

990.008.  LUBRICATOR.  Charles  Reid.  Prince- 
ton, W.  Va. 

1.  In  a  lul)ricator.  the  combination  with  a 
lluid  pressure  apparatus;  of  a  lubricant  reser- 
voir, means  for  leading  the  fluid  pressure  into 
the  reservoir,  a  valve  for  preventing  return  of 
said  lluid  pressure  from  the  reservoir,  a  lubri- 
cant outlet  from  the  reservoir  to  the  fluid  pres- 
sure apparatus,  and  a  doul)le  acting  fluid  pres- 
sure actuated  valve  controlling  the  lubricant 
outlet. 

990,016.  PNEUMATIC  RAIL-SANDER.  Wil- 
liam  B.    Shull,   Goodland,   Kans. 

990.042.  AUTOMATIC  AIR-COUPLING.  Peter 
Haley,  Wellston,  Ohio. 

990,085.  SUBTERRANEAN  PUMPING  SYS- 
TEM.    Frederick  C.  Weber,  New  York,  N.  Y. 

2.  In  a  pumping  system,  the  combination  of 
means  for  creating  a  fluid  pressure  and  a  vac- 
uum, a  liquid  chamber  provided  with  inlet  and 
outlet  valves  normally  submerged  in  liquid  to  be 
pumped,  a  pipe  connection  between  said  means 
and  said  chamber,  an  automatic  reversing  valve 
located  in  said  pipe  connection,  a  balanced 
duplex  piston  for  operating  said  valve,  a  by- 
pass in  each  head  of  said  piston  to  permit  the 
equalization  of  pressure  on  all  sides  thereof, 
supplemental  release  valves  for  permitting  a 
predetermined  maximum  pressure  in  said  liquid 
chamber  to  release  the  pressure  on  one  side  of, 
and  thus  disturb  the  balanced  pressure  on  said 
piston  and  permit  the  direct  pressure  to  shift 
said  piston  and  reversing  valve  to  permit  the 
creating  of  a  vacuum  in  said  chamber  and  there- 
by cause  the  rise  of  liquid  therein  through  said 
inlet  valve. 

990,135.       ENGINE  -  STARTER.       Carl    Hunt, 

Indianapolis,  Ind. 

1.  A  mechanism  for  starting  combustion  en- 
gines including  the  combination  with  an  engine 
cylinder,  of  a  liquid  fuel  reservoir,  a  duct  lead- 
ing from  the  top  thereof  to  the  cylinder,  means 
for  forcing  air  under  pressure  into  the  top  of 
said  reservoir,  a  liquid  fuel  nozzle  leading  from 
the  lower  part  of  said  reservoir  to  said  duct,  and 
a  spray  plate  placea  m  said  duct  with  an  open- 
ing soaced  frorn  and  opposite  to  the  outlet  end 
of  said  fuel  nozzle. 

APRIL    25. 

990,213.  PNEUMATIC  DOOR-LATCH-OPER- 
ATING MECHANISM.  Josef  Angerstein 
and  "^^iLHELM  Burgerhausen.  Munchen-Glad- 
bach,  Germany. 

990,228.  TOY  GL"''N.  Peter  W.  Cohrs.  Hobo- 
ken.  N.  J. 

990.231.  AIR-COMPRESSOR.  James  Crocker, 
Birmingham,   Ala. 

990.404.  AEROPLANE.  William  Stemmer, 
Philadelphia.  Pa. 

990.409.  SAND-BLASTING  NOZZLE.  JOHN 
P.  Walsh,  Boston,  Mass. 

990,424.  FLYING-MACHINE.  Braxtly  Chal- 
fant,    Philadelphia,    Pa. 

990.707.  INDICATING  DEVICE  FOR  AIR- 
BRAKE SYSTEMS.  Charles  L.  Courson, 
Pitcairn,   Pa. 
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BY  WHAT  RIGHT  ? 


BY  FRANK  RICHARDS. 


The  title  of  this  article  being  a  simple  ques- 
tion, it  is  intended  to  so  far  correctly  character- 
ize what  follows,  as  the  attitude  of  the  writer 
is  interrogatory  rather  than  assertive,  and  it  is 
not  much  that  he  wants  answered.  It  is  ex- 
pected that  it  will  appear  to  be  high  time  for 
some  one  to  be  shaping  and  putting  the  ques- 
tion here  crudely  suggested. 

The  simple  question  is  as  to  the  permissible 
retention  of  the  .ancient  methods  of  gas  stor- 
age and  distribution,  with  special  reference  to 
the  protuberant  gas-holder,  and  this  from  the 
view-point  of  neither  the  gas  producer  nor  the 
gas  consumer,  as  such,  but  of  the  general  and 
long-suffering   public. 

Gas,  of  course,  is  an  established  necessity  to 
practically  all  the  people,  and  all  questions  as 
to  cost  of  production  and  distribution,  quality 
of  gas  furnished  and  convenience  and  relia- 
bility of  service  are  to  be  settled  between  pro- 
ducer and  consumer,  with  or  without  the  aid 
of  legal  enactments,  and  no  one  else  so  far  is 
interested. 

It  happens,  however,  that  the  method  of  stor- 
ing and  distributing  the  gas  cannot  be  indif- 
ferent to  the  otherwise  disinterested  public,  for 
it  touches  all  at  more  than  one  sensitive  point, 
and  in  an  objectionable  way  which  should  not 
be  tolerated  or  permitted,  except  in  so  far  as  it 
may  be  unavoidable.  We  have  been  so  familiar 
for  so  many  years  with  the  sight  of  the  su- 
preme uglifier  in  every  large  outlook  in  every 
city  in  the  land  that  we  do  not  realize  the 
unsightliness  of  it;  we  do  not  think  to  pro- 
test against  it,  or,  in  fact,  in  any  way  to  ques- 
tion its  presence.  Who  has  thought  of  asking 
by  what  right  the  gas-holder  intrudes,  or  has 


FIG.   I.     BY   WHAT   RIGHT? 

suggested    its    expulsion    if    its    necessity    and 
right  are  not  proven  and  upheld  ? 

The  question  is  so  far  from  ever  having  been 
formulated  that  the  gas-holder  has  never 
treated  the  public  as  in  any  way  entitled  to  an 
explanation  or  a  justification  wherever  and 
whenever  it  has  chosen  to  plant  itself.  It  has 
no  doubt  at  times  had  to  establish  certain  legal 
rights  to  locate,  but  always  upon  the  linques- 
tioningly  conceded  assumption  of  the  impera- 
tive necessity  of  it.  Is  it  "so  necessary  and  in- 
dispensable? If  so,  it  should  be  "up  to"  the 
gas  people  to  prove  it  in  the  light  of  the  pres- 
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out  ct'iUury.  WIkmi  it  caiiu'  to  proving  the 
noci'ssity  of  the  telegraph  poles  they  tpiickly 
lied    the   city   streets. 

Few  realize  how  had  the  case  is,  or,  ituleed, 
have  Kivt'ii  the  matter  any  thouj^ht  at  all,  and 
it  would  seem  tt)  he  an  opportune  time  to  stir 
thinj^s  up.  C'i\  ie  pride  is  heeoniini;  alert  and 
resti\e.  We  are  hej^inniiii;'  to  take  an  interest 
in  the  appearance  and  condition  of  our  cities, 
and  niaii\  nu»\einents  are  «>n  foot  for  their 
hetterment.  lUit  what  shall  we  do  with  the 
gas-lu>lder?  Think  of  the  costly  viaduct  start- 
ing from  Grant's  Tomb,  in  New  York,  and 
connecting  to  the  upper  stretch  of  the  beauti- 
ful Riverside  Drive  all  completed,  and  then 
almost  innnediately  the  popping  up  of  the 
afreet  wc  see  in  Fig.  i.  No  one  objected  or 
thought  of  protesting  at  the  time  or  since,  as 
far  as  we  have  heard,  because  it  is  a  gas- 
holder, you   know. 

The  work  of  redesigning,  rearranging  and 
permanently  beautif\ing  our  cities,  of  render- 
ing them  more  satisfactorily  habitable,  so  that 
not  only  we,  the  indwellers,  but  also  the  in- 
comer and  the  transient  onlooker,  shall  say 
it  is  good  to  be  bere,  cannot  proceed  far  be- 
fore we  realize  that  much  of  our  doing  must 
first  of  all  be  undoing.  We  cannot  rearrange 
and  upbuild  to  our  liking  until  we  tear  down, 
banish  or  obliterate  the  things  which,  if  un- 
disturbed, would  render  our  efforts  futile.  Ob- 
jectionable and,  but  for  our  familiarity  with 
them,  often  disgusting  features  have  accumu- 
lated and  established  themselves  unchallenged, 
and  yet  if  they  are  allowed  to  remain  there 
can  be  no  real  progress  toward  permanent  and 
satisfactory  improvement. 

In  Fig.  2  we  are  looking  up  West  End  Ave- 
nue, New  York,  a  beautiful  and  high-class  res- 
idence street  which  retains  its  select  character 
all  the  way  np  to  the  end  of  it,  ^wo  or  three 
miles  to  the  north.  In  Fig.  3  we  are  still  look- 
ing up  West  End  Avenue,  but  from  a  point 
just  a  quarter  of  a  mile  further  down.  From 
the  same  point,  turning  to  the  right,  we  have 
Fig.  4,  a  row*  of  well-built  tenements,  but  only 
colored  people  can  be  found  to  occupy  them. 
Fig.  5  was  their  outlook  a  year  or  so  ago. 
Since  then  these  unimproved  lots,  there  being 
apparently  no  prospect  of  erecting  respectable, 
substantial,  permanent  buildings  upon  them, 
have  mostly  been  covered  wMth  cheap  and  shab- 
by sheds  for  storing  carts,  etc.,  which  city  or- 
dinances do  not  permit  to  stand  in  the  street 


at  nighl.  Directly  opposite  these  lots,  on  the 
other  side  of  West  End  Avemie,  are  the  prim- 
itive rocks  of  Manhattan,  with  squatter  shan- 
ties surmounting  ihcni,  neither  of  which,  shant- 
ies or  rocks,  it  has  heen  worth  while  to  re- 
move. The  ne.xt  block  to  the  north  on  the 
same  side  of  the  avenue  is  a  lot,  without 
buildings,  in  which  castings  and  steel  work  are 
stored. 

Fartlur  away  in  all  directions,  for,  say, 
three  or  four  blocks  all  around  these  gas- 
holders, they  have  been  the  means  of  accom- 
l)lishing,  as  .some  might  say,  a  work  of  great 
beneficence  by  so  depreciating  the  property 
values  as  to  make  possible  the  erection  all 
through  the  neighborhood  of  tenements  of  the 
cheapest  class  for  the  occupation  of  the  mini- 
mum wage-earners  and  of  the  strugglers  for 
precarious  subsistence.  If  it  were  not  for  the 
blessed  gas-holders  where  would  these  poor 
people  go? 

This  is  not  in  the  outskirts  of  the  city,  but 
in  the  heart  of  it,  the  location  being  in  the 
Sixties,  while  the  island  is  solidly  built  up  for 
more  than  a  hundred  blocks  above.  There  is 
everything  to  warrant  the  presumption  that 
all  this  section  of  the  city,  of  which  this  one 
group  of  gas-holders  is  the  center,  would  be 
very  differently  occupied  and  improved  if  the 
gas-holders  were  not  there.  Certainly  it  would 
all  be  well  and  profitably  used,  which  it  is  not 
now,  and  the  location,  otherwise  desirable  and 
easily  accessible,   deserves   a  better   fate. 

We  could  get  pictures  of  similar  character 
to  those  here  presented  from  each  of  the 
dozen  or  so  of  gas-holder  neighborhoods  of 
]\Ianhattan,  and  the  same  of  every  other  large 
cit}',  showing  them  all  to  be  nuclei  of  desola- 
tion and  responsible  for  the  depreciation  of 
property  values  amounting  in  the  aggregate 
to  hundreds  of  millions  of  dollars.  It  is  not 
for  the  present  writer  to  estimate  the  amount 
of  this  depreciation,  but  it  would  be  well  for 
real  estate  experts  to  be  doing  some  figuring 
upon   the  problem. 

Suppose  that  some  day  there  should  come 
to  some  one  the  assurance  in  advance  that  the 
gas-holders  in  the  cities  would  all  have  to  go 
(and  the  gas  companies  are  likely  to  be  them- 
selves the  first  to  realize  it),  what  an  attrac- 
tive and  promising  speculation  it  would  be  to 
quietly  buy  up  all  the  depreciated  property  in 
these    gas-blighted    neighborhoods. 

The  gas-holder  is  simply  to-day  the  survival 
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FIG.    2.     LOOKING  UP  WEST  END  AVENUE. 


of    the    unfit,    if    not    of    the    imfittest,    and    it 
seems   more   tenacious   of   Hfe   than   any  other 
thing  of  which  we  have  record.     Nothing  can 
be  more  certain  than  that  if  the  gas  business 
were    beginning   as   a   new   business   to-day    it 
would  not  begin   with   the   absurdly  low-pres- 
sure service  now  in  use,  but  it  began  in  that 
way  a  hundred  years  ago  and  has  not  changed. 
"Little  of  all  we  value  here 
Wakes  on  the  morn  of  its  hundredth  year 
Without  both  feeling  and  looking  queer," 


and  low  pressure  gas  is  queer  enough.  Just 
think  of  it.  Ordinary  city  gas  is  transmitted 
and  stored  and  distributed  at  pressures  so 
minute  as  not  to  be  measurable  in  pounds  to 
the  square  inch,  as  we  commonly  measure  and 
record  pressures,  nor  even  in  ounces,  but  in 
tenths  of  an  inch  of  water. 

We  happen  to  have  conveniently  at  hand  the 
figures  from  a  typical  city  plant.  At  Syracuse, 
N.  Y.,  they  have  about  170  miles  of  gas  m.ains, 
from  2  in.  to  20  in.  in  diameter,  and  the  gas 


FIG.   3.     LOOKING   UP  WEST  END  -AVENUE. 
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pressure  varies  tmm  i ' ..  in.  lo  3'..  in.  oi 
water,  these  being  ilie  limits,  or,  say,  i -Jo  in 
Is  H>.  lit  iIk-  >(|Mare  inch.  In  tlie  literature 
of  the  gas  men  the  maxnnuin  pi  (.ssnic  lierc- 
iiieniioneil  i>  .sixtken  ot  in  \\\v  ixeord  as  37 
tenths  ol  an  ineh  nt  watir.  \\h\.  a  hov  witn 
a  tin  hean  hlouer  eonlil  gi\e  you  douhle  iliat 
pressure.  A  taniihar  htty's  iiiek  is  to  Mow 
into  a  burner  again.st  the  pressure,  hlhng  th*.' 
pipes  with  air  aiul  pulling  out   tlie  hghis. 

Anil  \et  llie  existence  of  the  gas-hohler  is 
absohitely  eoiuhtional  upon  the  retention  of 
tliese  low  pressures,  these  pressures  of  a  hun- 
ch-ed  years  ago,  in  storage  and  in  (hstrihutioii. 
Any.  even  a  sHglit,  increase  of  pressure  would 
be  death  lo  the  gas-holder  at  once.  '1  ake  any 
one  oi  the  largest  gas-holders,  such,  for  in- 
stance, as  the  one  first  shown  here,  and  an 
increase  of  1  lb.  in  the  pressure  within  it 
would  require  an  addition  to  the  weight  on  the 
top  of  about  J,ooo  tons.  This  wt)uld  give  a 
steel  top  over  3  in.  thick,  an  effective  armor 
against  aeroplane  bombs. 

It  would,  in  fact,  be  impossible,  for  another 
reason,  to  carry  an  additional  pound  of  pres- 
sure in  the  gas-holder,  even  if  it  could  be 
weighted  down  sufficiently.  In  all  candor  and 
seriousness,  the  modern  gas-holder  is  a  mag- 
nificent achievement  in  engineering,  and  one 
of  the  wonders  of  it  is  the "  telescoping  fea- 
ture. When  the  holder  is  full  .and  has  risen 
to  the  top  of  its  guides  it  is  not,  as  it  looks,  a 
i^ingle  shell,  but  consists  of  four  or  five  "lifts," 
which  slide  into  each  other  as  they  descend. 
To  make  a  gas-tight  joint  between  the  lifts 
there  is  to  each  a  "water  seal"  which  retains 
the  gas  with  absolute  security,  as  long  as  it 
holds  it  at  all,  but  if  the  gas  pressure  were 
increased  to  J'2  lb.  to  the  sq.  in.,  or  about  that, 
instead  of  ys  lb.,  the  present  maximum,  the 
water  would  all  be  blown  out  of  the  "seals" 
and  the  gas  would  escape  as  fast  as  it  flowed 
in. 

It  is,  of  course,  familiar  to  everyone  that 
the  rate  of  gas  consumption  varies  throughout 
the  entire  24  hours,  what  is  called  the  "peak" 
load  coming  between  sundown  and  midnight, 
with  a  smaller  peak  in  the  morning.  When 
the  peak  is  on  the  consumption  is,  of  course, 
several  times  as  great  as,  for  instance,  in  the 
small  hours  when  the  day  is  young,  and  a  pipe 
transmission  which  would  be  sufficient  if  it 
could  be  continued  uniformly  all  day  and  .all 
night  is  altogether  unable  to  maintain  the  sup- 
ply when  the  demand  is  greatest. 

It  is  said,  therefore,  and  this  is  the  special 


rxciisi-    It. I    [\\v   .((Iditl   niMiisirositics   of   recent 
years,   that    wi-   niiist   ha\e  ihe  big  gas-holders 
to   take    ciri'   of   tJu-   peak    load.      Certainly,   if 
we   retain   both    the,   low-pressure   transmission 
and    the    lew   pressure    distribution.      With    the 
-  or  3  111.  of  water  pressure  the  gas  cannot  be 
ru'slu-d    through    the    pipes.      With    a    pressure 
iiuMi-ased   to  only    15   jj),   to  the   s(i.   in.   the  vol- 
nine    of    the    gas    would    be    re<luce<l    one-half, 
and  it  could  be  driven  along  at  more  than  four 
times    the   present    speed,    so   that    jtipes   of  the 
same  si/.e  as  now  in  use  would  transmit  eight 
limes  the  c|uantity  of  gas,  or  as  nuich  in  three 
hours  as   can    now   be   sent  through   in   the  24 
hours.     This   surely   would  be  at  a  speed  suf- 
ficient to  take  care  of  the  peak  load,  and  sup- 
\)\y    all    consumers    at    all    times    without    the 
waiting    in    gas-holders   by    the    way.      In   this 
way  we  ha\e  at  once  a  suggestion  for  the  be- 
ginning of  reform  by  the  warrant  it  gives  for 
first    of    all    insisting   that    no    additional    gas- 
holders shall  be  erected  anywhere  for  taking 
care  of  peak  loads.     We  have  already  a  long 
list   of   locations   where  gas   is   transmitted  .at 
high  pressures  to  reinforce  existing  low-pres- 
sure  storage   systems   and  avoid  the   necessity 
of  increased  holder  capacity. 

A  Mr.  Jones,  before  the  Pacific  Gas  Asso- 
ciation, is  thus  reported :  "One  of  the  ambi- 
tions of  my  life  is  about  to  be  realized  in  the 
construction  of  a  steel  bracelet  around  the 
city  of  San  Francisco  for  feeding  the  low- 
pressure  system.  This  main  is  now  in  the 
ground  and  is  16  in.  in  diameter  and  7^  m_iles 
long.  It  extends  from  the  old  Portrero  Gas 
Works  around  the  city  to  the  old  plant  we 
call  the  North  Beach  Station.  The  line  is  not 
yet  in  use  for  conveying  gas,  on  account  of 
construction  work  now  going-  on,  but  it  has 
been  under  60  lb.  pressure  for  over  30  days, 
and  has  maintained  a  constant  pressure  at 
uniform  temperatures  both  day  and  night." 
The  piping  was  entirely  successful  for  the 
purpose  intended,  and  the  preliminary  test 
gave  full  assurance  that  there  w^ould  be  no 
leakage. 

What  we  are  certainly  coming  to  is  the  entire 
abolition  of  the  hundred-year-old  gas  pres- 
sures, with  the  gas-holders  which  cannot  sur- 
vive them,  and  the  service  of  gas  at  so-called 
high  pressures — although  they  would '  not  be 
high  as  compared  with  steam  and  compressed 
air  pressures — directly  to  every  consumer.  The 
following  from  the  "Gas  World"  (Feb  4, 
1911),  an  English  publication,  is  reprinted  with 
approval  by  the  "Progressive  Age"   (March  i, 
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FIG.  4       APARTMENTS  FACING  THE  GAS   HOLDERS. 


191 1),  an  able  representative  of  American  gas 
interests.  As  will  be  noticed,  it  goes  far  be- 
yond the  suggestions  of  the  present  writer. 
The  article  referred  to  says : 

"The  introduction  of  high-pressure  gas, 
when  thoroughly  understood,  will  do  more  for 
the  industry  than  ever  the  incandescent  mantle 
did.  Its  potentialities — its  far-reaching  utili- 
ties— are  beyond  all  power  of  description. 

"All  great  changes  take  place  gradually,  and 
it  is  not  to,  be  expected  that  the  change  from 
low  to  high-pressure  gas  will  be  any  excep- 
tion to  the  rule.    Engineers  will  not  iump  from 


2  in.  of  water  to  200  lb.  to  the  square  inch,  and 
yet  this  is  the  jump  which  modern  improve- 
ments enable  any  man  to  take  who  seriously 
looks  into  the  question  and  who  realizes  what 
is  at  his  disposal  to  carry  it  out. 

"With  regard  to  experience,  we  have  at  our 
disposal  the  record  of  railway  carriage  light- 
ing by  compressed  gas  up  to  150  lb.  or  more. 
In  America  gas  has  been  distributed  at  200  lb. 
In  this  country  (England)  gas  has  already 
been  distributed  at  100  lb.,  and  several  miles 
of  mains  will  be  in  actual  use  before  many 
weeks." 


FIG.   5.     OUTLOOK  FROM  APARTMENTS^ABOVE; 
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i  1k'  article  (|uuit.il  iIrh  goes  on  to  con- 
sider the  (lilTerent  (listribittioii  of  costs  under 
the  new  systeni.  wliicli  we  need  imt  ro  iiitn 
liere.  AltlioniLjIi  the  hii^h  pressures  it  refers  to 
are  all  matters  of  actual  record,  and  in  nat- 
ural .uas  tiaiisuii>si()ii  (he  ini-^suri's  l;o  luuch 
hij^her.  it  would  he  sullicient  for  our  present 
l)urpose  to  have  only  15  Ih.  per  s(piare  inch  as 
a  niaxinuini  working  pressure,  'i'his  wt)uKl 
surely  render  the  gas-holders  worthless,  and 
if  sufficient  pressure  were  put  upon  the  out- 
side of  them  hy  the  awakened  puhlic  they 
would  collapse  and  disappear,  property  values 
would  reassert  themselves  over  the  desolated 
city  areas,  and  there  would  he  renewed  hope 
for  other  reforms  to  follow. 

The  gas-holder,  it  may  he  suggested,  is  in 
a  way  like  our  had  spelling,  as  some  call  it; 
our  bizarre  weights  and  measures,  as  the 
metricists  insist ;  our  Ivahrenheit  thermome- 
ter; our  decimal,  instead  of  duodecimal,  nota- 
tion :  a  thing  which  started  wrong,  but  which 
has  now  become  so  established  that  change  is 
not  to  be  thought  of.  In  this  case  a  change 
insists  upon  being  thought  of. 

It  is  not  necessary  to  remind  anyone  that 
no  gas-holders  of  the  gravity  pressure  type 
are  used,  or  could  be  used,  in  the  distribution 
of  natural  gas.  so  that  they  cannot  be  impera- 
tive for  artificial  gas.  As  w^c  have  seen,  they 
at  once  become  impossible  with  any  increase 
of  pressure ;  yet  gas  consumers  are  requiring 
higher  pressures.  The  obsolescent  fish-tail 
burner  was  satisfied  with  a  pressure  of  i^  in. 
of  water ;  the  incandescent  mantle  gives  much 
more  light  for  gas  consumed,  but  it  demands 
higher  pressures.  Higher  pressures  are  called 
for  where  gas  is  used  for  heating  purposes 
and  much  higher  pressures  are  required  for 
gas  engines.  Gas  should  be  brought  to  each 
consumer  at  a  pressure  high  enough  to  re- 
quire a  regulator,  and  this  could  be  individ- 
ually adjusted  to  any  pressure  required,  so 
that  everyone  could  be  using  it  at  its  best,  ac- 
cording to  the  use  to  which  it  was  applied. — 
Engineering  Record. 


There  is  a  grotto  at  Pozzuelo,  near  Naples, 
into  which  a  man  can  walk  without  injury, 
but  in  the  atmosphere  of  which  a  dog  becomes 
immediately  asphyxiated.  The  heavy  gas  emit- 
ted from  the  soil  lies  near  the  surface ;  the 
man  escapes  it,  but  the  dog  inhales  it  with 
deadly  effects. 


NITROGKN-FIXING  BACTERIA 

1^    1:.   .S.   Matukk. 

Scientists  .and  bacteriologists  in  various 
|)arts  ol  tlu'  world  h.i\e  been  for  many  years 
interested  in  discovering  m-w  methods  of  pro- 
ducing nitrates,  to  replace  the  rapidly  dimin- 
ishing supply  and  insure  the  world  against 
gradual  starvation.  Without  nitrates,  the 
])lants  on  which  we  (Kixnd  for  our  food  sup- 
plii'S.  caimot   li\e. 

Three  principal  elements  recpn'red  by  plants 
are  phosphoric  acid,  potash  and  nitrates.  The 
first  two  e.xist  in  rocky  particles  in  the  soil, 
and  there  is  no  innnc-diate  danger  of  their  be- 
coming exhausted,  h'or  our  supply  of  nitrates, 
in  the  form  of  nitrate  of  soda,  we  are  obliged 
to  rely  on  the  saltpetre  deposits  in  Chili,  and 
so  great  is  the  demand  for  this  material  that 
the  most  available  portions  have  already  been 
used  up,  and  the  rapidly  increasing  cost  of 
production  will  soon  place  what  little  remains 
beyond  the  reach  of  the  agricultural  world. 

Much  has  been  said  about  a  new  electrical 
process,  by  which  atmospheric  nitrogen  '}s 
changed  into  nitrate  of  lime.  This  is  exceed- 
ingly interesting,  and  of  great  value,  but  to 
depend  on  such  a  source,  to  supply  the'  enor- 
mous quantity  of  nitrates  needed  for  agricul- 
tural purposes,  is  entirely  out  of  the  question, 
and  the  cost  would  be  prohibitive  for  such 
purposes.  Homeopathic  doses  of  nitrogen 
will  not  raise  big  crops  of  corn  and  wheat. 

Let  us  turn,  therefore,  from  these  most  in- 
teresting manufacturing  phenomena,  and  con- 
sider the  wise  provision  that  nature  has  made 
for  just  this  emergency,  namely,  the  fixation 
of  nitrogen  by  bacteria,  through  the  medium 
of  legume  crops.  For  in  this  method  lies  the 
solution  of  the  problem,  and  the  next  genera- 
tion will  marvel  at  the  folly  of  their  fathers  In 
expending  large  sums  of  money  for  material 
that  could  be  abundantly  supplied  almost  for 
the  asking. 

The  discovery  of  the  value  of  treating  the 
seeds  of  legume  crops  with  nitrogen  fixing 
bacteria,  as  a  means  of  enriching  the  soil  in 
nitrates,  is  not  new,  but,  like  many  great  dis- 
coveries, its  general  practice  has  been  greatly 
retarded  by  crude  methods,  and  premature 
exploitation,  which  has  prejudiced  the  minds, 
not  only  of  farmers,  but  of  the  ver}^  men  in 
the  agricultural  experiment  stations  and  col- 
leges, to  whom  the  farmer  turns  for  advice. 

The  necessity  of  inoculation   is  well  recog- 
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nized  by  the  best  authorities  to-day,  but  recog- 
nition of  the  advantage  of  using  pure  cultures 
of  high-bred  bacteria  for  this  work  is  ap- 
parently retarded  by  the  suspicion  of  commer- 
cial cultures  and  lack  of  knowledge  of  the 
methods  employed  in  their  production,  and 
we  find  many  college  men  advising  the  farmer 
to  get  inoculation  for  his  crops  by  the  crude 
and  expensive  method  of  teaming  large  quan- 
tities of  soil  from  any  old  field,  where  the 
legume  they  wish  to  plant  has  been  grown, 
then  distribute  the  material  over  the  field  he 
intends  to  plant,  and  relying  on  the  chance 
inoculation  of  wornout  and  attenuated  or- 
ganisms, with  the  added  advantage  of  a  fresh 
supply  of  weeds  and  soil  diseases  that  have 
"been  transferred  at  the  same  time,  rather  than 
to  place  high-bred  active  cultures  of  the  bac- 
teria on  every  seed  that  is  to  be  planted,  ready 
to  furnish  nitrates  the  minute  the  seed  has 
germinated. 

Exhaustive  experiments  have  shown  that 
legume  bacteria  existing  in  the  soil  often  be- 
come debilitated  and  gradually  change  their 
"habits,  losing  their  power  of  taking  nitrogen 
from  the  air  and  living  on  the  nitrates  that  are 
in  the  soil.  They  sometimes  even  become  pa- 
rasitic on  the  plants. 

When  the  bacteria  have  been  grown  in  a  non- 
nitrogenous  medium  directly  on  the  roots  of 
the  same  kind  of  plants  they  are  to  be  used 
for,  their  potency  is  greatly  increased,  and  all 
the  attendant  dangers  of  the  sdil  transfer  meth- 
od are  done  away  with. 

The  many  failures  to  secure  results  from 
inoculation  of  seeds  were  largely  due  to  three 
causes :  First,  to  lack  of  attention  to  the  great 
importance  of  breeding  the  organisms  to  se- 
cure the  strongest  and  most  virile  specimens. 
Second,  to  crude  methods  of  sending  them  to 
the  user,  and  keeping  them  alive  until  they 
could  be  put  on  the  seeds.  Third,  to  lack  of 
knowledge  of  necessary  soil  conditions  for 
their  proper  development. 

These  difficulties  have  been  overcome  by  Dr. 
G.  H.  Earp-Thomas,  and  he  is  sending  to  farm- 
ers, from  his  laboratory,  in  Bloomfield,  N.  J., 
cultures  of  high-bred  bacteria,  that  are  guar- 
anteed to  keep  in  perfect  condition  for  long 
periods  of  time,  and  require  no  further  devel- 
opment on  the  part  of  the  user.  The  bacteria 
are  simply  put  on  the  seed,  and  nature  takes 
care  of  the  rest.  In  selecting  bacteria  for 
breeding  purposes,   it   is,   of  course,   necessary 


to  watch  the  development  of  the  different  col- 
onies on  the  roots  of  the  legumes,  and  it  would 
be  manifestly  impossible,  when  working  with 
plants  (under  ordinary  conditions),  to  pull 
them  up  every  day  to  examine  them.  It  was 
the  discovery  of  a  transparent  jelly,  so  deli- 
cately balanced  that  it  would  furnish  a  perfect 
plant  food,  that  has  made  this  work  possible. 
This  jelly  containes  no  nitrates  except  those 
produced  by  the  bacteria  on  the  growing  roots. 

Furthermore,  no  bacteria  other  than  the 
legume  bacteria  can  grow  in  this  jelly,  and  it 
not  only  makes  a  perfect  method  of  selecting 
pure  cultures,  but  its  transparent  jelly  enables 
the  bacteriologist  to  watch  the  development  of 
the  nodules  or  colonies  of  the  roots  and  thus 
select  the  bacteria  that  are  most  active.  By 
this  process  of  selection  and  the  repeated  in- 
oculation of  fresh  plants  grown  in  the  same 
manner,  cultures  are  produced  that  have  much 
greater  power  of  fixing  nitrates  than  those 
usually   found   in  the   soil. 

Experiments  carried  on  by  one  of  the  State 
Experiment  Stations  proved  that  these  high- 
bred cultures  would  produce  from  one  to  four 
hundred  per  cent,  more  nitrates  than  those  usu- 
ally found  in  the  soil.  It  is  also  true  that 
the  increased  activity  of  the  bacteria  means 
quicker  production  of  nitrates  and  ample  sup- 
plies of  this  most  essential  material  during  the 
early  stages  of  the  growth  of  the  plant. 

Every  form  of  vegetable  life  can  be  im- 
proved by  proper  methods  of  selection  and 
breeding,  and  it  was  the  realization  of  this 
well-known  principle  that  led  to  this  import- 
ant phase  of  Dr.  Earp-Thomas'  work,  and  his 
subsequent    discoveries. 

Having  procured  the  means  of  breeding 
pure  active  cultures  it  became  necessary  to 
devise  some  means  of  preserving  them,  until 
such  time  as  they  could  be  used.  The  earlier 
attempts  of  the  United  States  Department  of 
Agriculture,  and  other  people  to  send  the  bac- 
teria to  the  farmer,  dried  in  cotton,  had  not 
proved  successful,  and  the  bacteria  when  sent 
in  a  liquid  preparation  in  sealed  bottles,  soon 
lost  their  vitality  from  lack  of  atmospheric 
nitrogen. 

Were  it  possible  to  keep  bacteria  in  good 
condition  in  a  liquid  medium  there  would  still 
be  strong  objection  to  this  method,  as  it  is 
impossible  in  such  preparations  to  detect  the 
presence  of  moulds  and  other  contaminations 
that  are  dangerous  to  the  nitrogen  fixing  bac- 
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tcria.  Tlio  value  oi  all  cultures  oi  bacteria  dc- 
peiuls  very  larj^jely  on  their  ptirity  and  free- 
doom  from  contamination.  l)r.  l-.arp- Thom- 
as' method  of  growinjj  cultures  on  the  surface 
of  the  jelly  in  the  Ix^ttles  in  which  they  are 
sent  to  the  user  enahles  him  to  easily  detect 
such  imperfections  and  prevent  their  distribu- 
tion. 

The  invention  of  a  bottle  stopper  which  ad- 
mits a  supply  of  air  through  a  glass  tube  con- 
taining cotton  I'llter  plugs,  that  keeps  out 
contaminations,  yet  it  is  so  constructed  as  to 
prevent  the  escape  or  evaporation  of  the  con- 
tents of  the  bottle,  is  not  simply  an  ingenious 
device,  but  a  remarkable  contribution  to  the 
art  of  preserving  bacteria  and  protecting  the 
cultures  from  destructive  elements.  The  de- 
velopment of  these  methods  and  processes 
means  that  another  of  Nature's  forces  has 
been  harnessed  for  the  benefit  of  mankind, 
and  the  question  of  maintaining  the  supply  of 
nitrates  in  the  soil  is  finally  solved. 

To  secure  the  best  results  from  the  use  of 
nitrogen  fixing  bacteria,  some  consideration 
must  be  given  to  the  conditions  of  soil  that 
are  most  favorable  to  their  growth,  and  the 
most  important  is  the  question  whether  the 
land  is  acid  or  alkaline. 

The  development  in  the  land  of  beneficial 
soil  bacteria  of  various  kinds  is  to  a  great  ex- 
tent dependent  on  proper  chemical  conditions. 
Microscopic  examination  of  soil  and  the  de- 
termination of  the  kinds  of  bacteria  that  are 
found  therein,  will  tell  the  story  of  its  fertil- 
ity more  surely  than  chemical  analysis,  as  the 
presence  of  some  form  of  bacteria  is  a  sure 
sign  of  its  productiveness,  whereas  other  kinds 
indicate  improper  conditions  that  must  be  cor- 
rected if  good  results  are  to  follow.  It  has 
been  found  that  highly  productive  land  con- 
tains large  quantities  of  beneficial  bacteria, 
whereas  poor  soil  is  deficient  in  this  respect, 
but  often  contains  large  quantities  of  organ- 
isms that  are  known  to  be  injurious  in  their 
effect  on  plant  life,  and  destructive  to  the  ni- 
trogen fixing  bacteria.  The  protozoa,  and  the 
various  forms  of  fungi  yeasts  and  anaerobes 
belong  to  this  class.  Science  has  not  yet  de- 
termined the  practical  means  of  exterminating 
all  of  these  forms,  but  much  has  been  learned 
about  conditions  that  are  favorable  to  the  ni- 
trogen fixing  bacteria,  and  this  knowledge  is 
available  to  every  farmer.  Good  drainage  and 
cultivation  are  well  known  requisites  for  good 


farming,  but  the  beneficial  effect  of  lime  may 
not  be  so  well  understood.  Bacteria  cannot  fix 
nitrogen  in  the  soil  without  some  base  with 
which  it  can  be  combined,  and  linie  is  by  far 
the  cheapest  material  that  nature  has  provided 
for  this  purpose.  Lime  also  has  strong  chem- 
ical action,  and  neutralizes  the  acid  conditions 
of  the  soil.  Land  that  is  acid  or  sour  is  fatal 
to  the  growth  of  the  nitrogen  fixing  bacteria, 
and  the  corrective  use  of  lime  is  most  valua- 
ble. The  use  of  green  manures  and  fertilizers 
makes  the  application  of  lime  absolutely  essen- 
tial. Heavy  soils  require  more  than  light  soils. 
Loss  of  nitrogen  in  the  soil  is  often  the  re- 
sult of  denitrifying  bacteria  which  exist  in 
heavy  wet  soils  and  decaying  organic  matter. 
Such  conditions  can  be  prevented  by  proper 
drainage  and  the  application  of  lime  to  light- 
en the  soil,-  and  put  it  in  proper  condition  for 
the  growth  of  legume  crops  that  have  been 
inoculated  with  pure  cultures  of  high-bred 
bacteria. — N.  W.  Farm  and  Home. 


DESICCATION   AIR  BY  CALCIUM 
CHLORIDE* 

This  method  of  drying  the  air  for  blast  fur- 
naces has  been  put  into  operation  at  Differ- 
dange.     The  process  is  as  follows : — 

A  layer  of  broken  calcium  chloride,  the 
smaller  pieces  at  the  bottom  and  the  larger 
pieces  at  the  top,  rests  on  a  sieve.  Within  the 
mass  of  the  calcium  chloride  and  in  its  lower 
part  is  submerged  a  spiral  grating  consisting 
of  pipes  for  the  circulation  of  water.  The  air 
to  be  dried  is  drawn  downwards  through  the 
calcium  chloride  by  a  fan.  The  heat  evolved 
by  the  action  of  the  water  on  the  lime  is  car- 
ried away  by  the  water  within  the  spiral. 
When  the  outside  pellicle  of  the  broken  pieces 
commences  to  liquate  hydration  is  stopped  and 
regeneration  begun.  To  do  this  it  is  only 
necessary  to  attain  temperatures  between  175 
deg.  and  235  deg.,  at  which  CaCL  +  i  H2O  is 
formed.  It  is  necessary  gradually  to  raise  the 
temperature  in  such  a  manner  as  constantly  to 
maintain   the  hydrates   in  their   solid   phase. 

It  is  necessary  also  in  the  course  of  this  re- 
generation to  be  careful  not  to  exceed  the  tem- 
perature of  235  deg.,  above  which  the  "tardy" 
hydrate  CaCl.  4-  i  HnO,  is  formed. 


*From  a  paper  before  the  Iron  and  Steel 
Institute  of  Great  Britain,  by  Felix  A.  Daubine 
and  Eugene  V.  Roy,  Aubone,  France. 
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It  may  be  seen  from  the  foregoing  that  it  is 
possible  to  effect  the  regeneration  of  the  cal- 
cium chloride  with  sources  of  heat  of  com- 
parativel}'  low  grade,  and  that  it  is  possible  to 
employ  with  this  object  the  waste  fumes  which 
occur  plentifully   in  all   metallurgical   works. 

The  regeneration  of  the  calcium  chloride 
having  been  effected  b}-  this  systematic  warm- 
ing, it  is  necessary  in  order  to  render  it  again 
fit  for  the  complete  absorption  of  water  vapour 
to  cool  it  thoroughly.  This  cooling  is  quickly 
attained  by  a  rapid  circulation  of  water  in  the 
pipe  system.  When  the  temperature  has  re- 
turned to  that  of  the  average  environment  the 
chloride  of  calcium  has  regained  all  its  hy- 
groscopic properties,  and  is  capable  of  dessic- 
cating  afresh  the  new  volumes  of  air. 

A  mass  of  calcium  chloride  of  240  kilos, 
spread  out  in  a  layer  of  24  cm.  in  depth,  on  a 
square  metre  of  surface,  will  desiccate  300 
cubic  metres  of  air  per  hour,  for  four  hours, 
under  average  conditions  of  15  grammes  of 
moisture  per  cubic  metre. 

In  order  to  regenerate  the  calcium  chloride 
from  its  hygrates,  calculation  shows  that  it  is 
necessary  to  expend  about  7.500  calories  per 
kilogramme  of  water  deposited.  In  practice  it 
suffices  to  circulate  from  below  upwards — that 
is,  in  the  opposite  direction  to  the  air  current — 
warm  air  or  fumes  devoid  of  dust  at  gradually 
increasing  temperatures  from  about  30  deg.  to 
200  deg.  during  a  period  equal  to  half  the 
length  of  time  of  the  passage  of  the  air  cur- 
rent— that  is,  for  the  example  given  above,  for 
two  hours. 

Experiment  has  shown  that  it  is  possible  in 
■a  well-watched  and  carefully-conducted  oper- 
ation to  attain  a  degree  of  desiccation  such 
that  the  hygrometric  condition  of  the  desic- 
cated air  will  be  for  the  average  period  of 
passage  but  10  to  15  per  cent,  of  its  saturation 
at  a  temperature  of  15  deg. 

The  problem  at  the  Differdange  Works  was 
to  desiccate  the  whole  of  the  air  required  for 
the  blowing  of  a  blast  furnace  of  150  tons  per 
twenty-four  hours.  In  the  design  shown  in 
the  cut  the  blast  is  introduced  by  a  central 
well,  and  distributed  in  layers  by  means  of  the 
openings  leading  to  different  superposed  reser- 
voirs. On  emerging  from  the  latter  it  is  col- 
lected in  an  annular  chamber,  whence  it  is  led 
to  the  place  where  it  is  to  be  utilized. 

In  order  to  be  able  to  regenerate  the  chloride 
of  calcium   on   the    spot,   the   central   well — or 
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the  annular  chamber — is  connected  with  a  sec- 
ond pipe,  admitting  air  or  hot  gases.  The  ar- 
rangement of  the  fans  is  such  that  it  is  possi- 
ble, at  will,  either  to  pass  the  air  to  be  dried, 
or  the  gases  which  are  to  serve  for  the  regen- 
eration, through  the  apparatus,  or  else  to  iso- 
late it  completely  during  the  cooling  down. 
The  apparatus,  which  is  in  triplicate,  dries 
30,000  cubic  metres  of  air  hourly,  and  has  the 
following  proportions  : — Total  area  presented 
to  the  passage  of  the  blast.  100  square  metres 
per  apparatus  ;  number  of  compartments,  ten ; 
depth  of  layer  of  calcium  chloride  in  each  com-  ' 
partment,  24  cm. ;  apparent  density  of  the 
chloride  of  calcium,  i.o;  weight  of  chloride  of 
calcium  contained  in  each  apparatus.  24.000 
kilos. ;  weight  of  chloride  of  calcium  contained 
in  all  three  appliances,  72.000  kilos. ;  cooling 
surface  of  the  spirals  in  each  apparatus.  170 
square  metres.  These  appliances  have  been 
designed  to  work  in  the  most  unfavorable 
conditions — that  is  to  Scfy.  to  remove,  during 
the  summer  months.   15  grammes  of  moisture 
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inv  cubic  iiKlic  of  air  (lining  a  pcrioil  of  four 
hours. 

At  the  lime  ot"  wriiuiK  this  i>;ii)cr  the  appli- 
ances have  been  working  normally  for  six 
weeks;  hut  as  the  season  is  the  end  of  winter, 
ami  as  the  nu>isture  in  the  air  is  not  very  large, 
it  has  been  fouiul  unnecessary  to  make  as 
many  reversals  as  were  contemplated.  ICach 
apparatus  receives  the  blast  for  six  to  eight 
hours.  The  air,  which  contains  6  to  8  grannncs 
of  moisture  before  its  passage,  only  contains 
from  I  to  1.5  gramme  per  cubic  metre  on 
emerging  from  the  apparatus,  and  this  figure 
remains  practically  constant  from  the  com- 
mencement to  the  conchision  of  the  period. 
Regeneration  recjuires  four  hours  for  its  com- 
pletion, and  is  carried  out  by  means  of  the 
wa^te  smoke  gases  from  boilers  and  from 
Cowper  stoves.  These  gases,  cleaned  to  the 
extent  of  0.4  gramme  per  cubic  metre,  pass 
directly  through  the  mass  of  chloride.  The 
temperature  is  regulated  at  30  deg.  to  com- 
mence with,  and  thereafter  gradually  raised  in 
conformity  with  a  certain  ascertained  law  up 
to  about  JOG  deg.  In  the  summer  the  tempera- 
ture will  be  carried  to  275  deg.  Cooling  takes 
three  hours. 

The  installation  has  cost  a  little  less  than 
one-quarter  of  what  would  have  been  the  cost 
of  an  installation  for  desiccation  by  means  of 
refrigerating  machines.  One  man  for  the  day 
shift  and  one  for  the  night  shift  are  sufificient 
to  handle  the  apparatus,  which  is  of  the  most 
simple  description.  The  expenses  of  working 
are  thus  greatly  reduced. 


THE    INTERCOOLER  IN    STAGE    COM- 
PRESSION 

The  following  article  by  J.  William  Jones, 
Painted  Post,  X.  Y.,  is  reproduced  (writh  some 
condensation)  from  the  June,  191 1,  issue  of 
Machinery. 

In  compressing  air  to  100  pounds  gage  pres- 
sure, the  final  temperature,  assuming  the  com- 
pression to  be  adiabatic.  would  be  about  485 
degrees  F.  The  effect  of  this  increase  in  tem- 
perature is  to  expand  the  air  under  compres- 
sion to  a  larger  volume,  thus  necessitating  a 
corresponding  increase  of  work  to  compress  it. 
After  the  compressed  air  has  been  discharged 
into  the  receiver  or  pipe  line  the  temperature 
rapidly  falls  to  that  of  the  surrounding  atmos- 
phere, and  the  energy  due  to  the  heat  gener- 
ated during  compression  is  lost.    In  theory,  the 


air  should  be  kept  at  a  constant  temperature 
(luring  the  period  of  compression  ;  but  the 
attainment  of  this  is  a  practical  impossibility 
in  compressors  of  the  present  day. 

In  modern  compressor  practice,  the  work  is 
divided  between  two  or  more  stages,  the  num- 
ber of  stages  depending  on  the  final  pressure 
re(|uired,  and  the  employment  of  an  "inter- 
cooler"  between  the  different  stages  to  reduce 
the  temperature  of  the  compressed  air  to  the 
normal  between  the  stages.  In  effect,  this  ar- 
rangement is  ecjuivalent  to  doing  all  the  work 
in  a  single  cylinder  if  it  were  possible  to  stop 
the  piston  at  a  certain  point  of  the  stroke,  re- 
duce the  temperature  of  the  air  already  par- 
tially compressed  to  that  of  the  surrounding 
atmosphere,  at  the  same  time  moving  the  pis- 
ton forward  just  fast  enough  to  keep  the  pres- 
sure constant,  and  then  starting  the  piston 
again  and  continuing  the  compression  to  the 
desired  pressure. 

A  sectional  view  of  an  intercooler  built  in 
accordance  with  modern  practice  is  shown  in 
Fig.  I.  This  intercooler  consists  of  a  long 
shell  of  cylindrical  shape  containing  a  nest  of 
tubes  through  which  cold  water  is  circulated. 
The  air  enters  at  one  end  of  the  shell  from  the 
low-pressure  cylinder  at  a  high  temperature, 
passes  around  and  between  the  nest  of  tubes 
and  enters  the  high-pressure  cylinder  at  the 
other  end  at  a  greatly  reduced  temperature. 
This  cooler  is  usually  placed  immediately- 
above  or  below  the  cylinders  in  order  to  secure 
the  shortest  connections  possible,  the  air  re- 
maining in  these  connections  being  denied  the 
cooling  eflfect  of  either  the  cooler  nest  or  the 
water  jackets  of  the  cylinders. 

As  the  intercooler  is  primarily  the  medium 
through  which  the  saving  in  power  is  to  be 
derived,  it  is  obvious  that  unless  proper  at- 
tention is  given  to  all  its  details  the  desired 
effect  may  not  be  realized.  The  essential 
points  to  be  considered  in  the  design  of  an 
intercooler  are :  Cooling  surface,  efificient  water 
circulation,  volume  of  cooler,  proper  deflec- 
tion of  the  air  around  and  between  the  tubes, 
convenient  drains,  and  accessibility  to  the 
tubes. 

The  amount  of  cooling  surface  required  is 
generally  based  on  the  quantity  of  "free  air"^ 
compressed  per  minute.  As  the  thermal  con- 
dition of  the  air  subject  to  compression  is  de- 
pendent on  the  final  pressure,  it  is  evident  that 
the  amount  of  cooling  surface  in  relation  to- 
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the  free  air  capacity  of  the  compressor  varies 
with  the  discharge  pressure.  Theoretically,, 
the  cooler  should  have  a  sufficient  amount  of 
cooling  surface  to  reduce  the  temperature  of 
the  air  between  the  two  stages  to  the  same 
point  at  which  it  was  first  taken  into  the  low- 
pressure  air  cylinder.  In  practical  working  con- 
ditions, however,  it  will  be  found  that  the  ma- 
jority of  coolers  fail  to  accomplish  this  result, 
and  a  reduction  to  within  5  or  10  degrees  of 
the  original  is  usually  conceded  to  be  good 
practice. 

An  efficient  water  circulation  is  a  matter 
which  requires  some  thought  and  considera- 
tion, as  the  water  is  the  agent  which  absorbs 


passage  of  the  air  after  the  "baffle  plates"  have 
been  placed;  and  then,  having  determined  this 
area,  make  the  cooler  of  such  length  as  is  re- 
quired to  obtain  the  necessary  amount  of 
cooling  surface.  It  is  obvious  that  a  cooler  of 
large  volume  has  advantages  over  one  of 
smaller  volume,  even  if  the  cooling  surfaces 
be  equal,  because  the  air,  in  passing  from  the 
low  to  the  high-pressure  air  cylinder,  has  a 
longer  period  of  contact  with  the  cooling 
tubes  in  the  cooler  which  has  the  greater  vol- 
ume. 

The  compressed  air  should  be  well  deflected 
in  its  course  tljrough  the  cooler.  This  result 
is  obtained  by  placing  several  "baffle  plates"  in 
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the  heat  units.  The  flow  of  the  water  should 
be  through  unrestricted  pipes  at  such  a  velocity 
that  the  maximum  number  of  thermal  units  is 
absorbed  and  carried  away  by  the  water.  The 
best  practice  is  to  make  the  general  flow  of 
the  water  opposite  to  that  of  the  air;  the  hot- 
test air  will  then  come  in  contact  with  that 
portion  of  the  tubes  containing  the  warmest 
water,  and  as  the  air  in  gradually  cooled  it 
comes  in  contact  with  the  cooler  portion  of  the 
cooling  nest.  In  the  intercooler  shown  in  Fig. 
I,  the  water  circulates  the  entire  length  of  the 
cooling  nest  four  times.  Entering, through  the 
lower  pipe  attached  to  the  outside  water  head, 
the  water  being  deflected  by  the  partitions  in 
the  heads,  circulates  as  indicated  by  the  arrows 
shown  on  the  small  pipes.  This  circulation 
system  is  in  accordance  with  the  laws  of 
thermo-dynamics ;  the  hot  water  gradually 
finds  its  way  to  a  higher  level  until  it  is  finally 
discharged  through  the  upper  pipe  leading 
from  the  outside  water  head. 

It   is   good   practice   to   make   the   cooler   of 
such  cross-section  as  to  readilv  admit  a   free 


the  cooler,  as  shown  in  the  illustration,  which 
deflect  the  air  alternately  towards  each  side, 
thus  bringing  the  air  into  contact  with  all 
parts  of  the  cooling  nest. 

There  are  several  small  details  of  inter- 
cooler construction  which  should  not  be  neg- 
lected, such  as  proper  drains  for  drawing  off 
the  condensation  of  the  air.  The  moisture  of 
the  air  is  in  the  form  of  a  vapor,  which  when 
rapidly  cooled,  is  condensed,  and  should  be 
drawn  off  at  stated  intervals.  Convenient 
drain  connections  should  also  be  provided  for 
draining  the  cooling  nest  in  case  of  a  suspen- 
sion of  the  operation  of  the  compressor  at 
any  time  when  freezing  is  liable  to  occur.  It 
will  be  noticed  that  the  cooler  shown  in  Fig. 
I  is  so  constructed  that  the  entire  nest  of  tubes 
can  be  withdrawn  at  any  time  for  examination 
or   cleaning  purposes. 

THE    THEORY    OF    STAGE    COMPRESSION    WITH    IN- 
TERCOOLING. 

The  theory  of  compound  or  stage  compres- 
sion is  very  readily  understood.  In  the  first 
paragraph  of  this  article  a  statement  was  made 
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relaliiiK  t<>  tlu-  lirat  idndiu-rd  in  llu'  i-oiuiircs- 
>inii  of  air.  l-or  all  prcssiuis  al)t>\r  70  pouiuU 
per  scpiaro  iiidi.  it  is  jjiciK-rallN  .cdiktcKmI  that 
compom.d  nr  >la;-i<.'  compression  sliouM  be  em- 
ploycil.  I  Ik-  luat  oi  compression  increases 
with  tile  pressure;  therefore,  the  higher  the 
pressure  the  more  ililViciilt  it  is  to  reduce  the 
lejuperature  to  a  point  en:d)linj;  elVicient  com- 
pression conditions  and  proper  lul)ric;ition  of 
the  air  c\linders.  In  couipressing  air  to  100 
pounds  terminal  .ua^e  pressure  in  a  siniiie  staj^e 
compressor,  the  tinal  temperature  of  the  air 
would  he  about  4S5  de.i;rees  1\.  as  before  men- 
tioned. Some  of  this  heat  would  be  absorbed 
by  the  cylinder  walls;  yet  the  final  temperature 
would  remain  too  hiiih  to  insure  etificient  com- 
pression conditions  or  proper  lubrication.  The 
adoption  of  stage  compression  with  intercool- 
iuii'  between  the  stages,  altluuigh  introduced 
some  thirty  to  forty  years  ago.  has  been  neg- 
lected by  many  compressor  builders  until  with- 
in the  last  decade.  At  the  present  time  stage 
compression  is  almost  universally  employed 
for  all  pressures  above  70  pounds,  unless  the 
compressor  is  of  such  small  size  as  to  make 
compounding  an  uncommercial  proposition. 

Tn  Fig.  2  is  shown  a  theoretical  combined 
indicator  diagram  from  a  two-stage  compres- 
sor. In  this  diagram  it  is  assumed  that  the 
compression  follows  the  adiabatic  curve  in 
both  high-  and  low-pressure  cylinders  with 
perfect  intercooHng  between  the  two  stages. 
The  horizontal  lines  A  B  and  C  D  represent 
respectively  the  volumes  of  the  low-  and  the 
high-pressure  air  cylinders,  drawn  to  the  same 
scale.  The  vertical  line  A  C  F  on  this  dia- 
gram will  represent  pressures  to  some  desig- 
nated scale.  The  adiabatic  curve  B  E  K  rep- 
resents the  relation  between  pressure  and  vol- 
ume for  any  position  of  the  piston,  assuming 
that  there  is  no  intercooler  employed  and  that 
no  heat  radiates  through  the  cylinder  w^alls. 
Tn  other  words,  this  curve  is  the  one  which 
compression  would  theoretically  follow  in  a 
single  cylinder  with  no  intercooling.  In  this 
curve  the  product  P  V  ^-^i*  is  constant,  P  and 
[^  representing  pressure  and  volume  respec- 
tively. On  the  other  hand  the  isothermal 
curve  B  D  H  shows  the  relation  between  pres- 
sure   and    volume    providing    the    temperature 
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FIG.   2. 

of  the  air  under  compression  could  be  kept 
constant  so  that  the  product  P  V  would  also 
be  constant. 

Air  taken  into  the  low-pressure  air  cylinder 
at  zero  gage  pressure,  is  compressed,  along  the 
adiabatic  curve  B  E  until  at  the  point  E  it 
attains  a  pressure  of  26.3  pounds,  equal  to  that 
of  the  intercooler,  which  allows  the  discharge 
valves  to  open  and  the  air  ,to  pass  into  the 
cooler.  In  the  intercooler  the  volume  of  a 
definite  weight  of  the  air  is  reduced  from  C  E 
to  C  D  so  that  the  volume  entering  the  high- 
pressure  cylinder  is  less  to  the  extent  of  D  E, 
which  is  to  the  same  scale  as  C  D  and  A  B. 
This  means  that  the  given  weight  of  air  repre- 
sented by  the  volume  C  £  at  a  gage  pressure 
of  26.3  pounds,  when  cooled  to  the  same  tem- 
perature at  w^hich  it  was  originally  taken  into 
the  low^-pressure  air  cylinder  will  be  reduced 
in  volume  to  C  -D  providing  the  pressure  of 
26.3  pounds  remains  constant.  The  air  taken 
into  the  high-pressure  air  cylinder  at  26.3 
pounds  is  compressed  along  the  adiabatic 
curve  D  G.  At  the  point  G  the  high-pressure 
discharge  valves  open,  and  the  air  is  dis- 
charged into  the  receiver  at  the  desired  gage 
pressure  of  100  pounds.  The  shaded  portion 
represents  the  power  saving  effected  by  the 
intercooler. 

Assuming  that  a  volume  of  i.ooo  cubic  feet 
of  free  air  per  minute  is  to  be  compressed  to  a 
gage  pressure  of  100  pounds  with  perfect' in- 
tercooling between  the  stages.  153  horsepower 
is  required.     Compressing  this  same  amount  of 
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air  in  the  same  time  in  a  single  stage  requires 
an  expenditure  of  18.0  horsepower.  This  ex- 
cess is  equivalent  to  a  saving  of  about  15  per 
cent,  in  two  stage  compression,  which  can  be 
attributed  directly  to  the  intercooler.  The 
actual  saving,  however,  would  fall  somewhat 
below  the  above  percentage,  due  to  the  fact 
that  there  are  necessarily  more  frictional 
losses  in  the  two  stage  machine  than  in  one 
having  a  single  cylinder ;  also  the  intercooler 
cannot  be  relied  upon  to  reduce  the  tempera- 
ture of  the  air  between  the  stages  to  the  nor- 
mal in  all  cases.  It  is  safe  to  state,  however, 
that  the  saving  in  compressing  to  100  pounds 
gage  pressure  would  equal  or  exceed  10  per 
cent,  in  a  well-designed  compressor.  At  high- 
er pressures,  the  saving  in  power  is  much  more 
marked. 
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OAGE  PRESSURE  IN  POUNDS  PER  SQUARE  INCH 


FIG.    3. 

In  Fig.  3,  curves  have  been  plotted  which 
show  the  loss  of  work  due  to  heat  in  com- 
pressing air  to  various  pressures  in  one,  two 
and  three  stages,  assuming  an  initial  tempera- 
ture of  60  degrees  F.  in  all  cylinders,  which 
is  equivalent  to  perfect  intercooling  in  the 
curves   for   stage   compression. 

As  previously  stated,  the  intercooler  is  pri- 
marily the  medium  on  which  the  principle  of 
compound  compression  is  based,  yet  the  saving 
due  to  the  reduction  in  temperature  between 
the  stages  does  not  constitute  all  the  advan- 
tages of  stage  compression.  The  maximum 
temperature  in  each  cylinder  is  reduced  to  a 
point  where  the  heat  can  be  more  thoroughly 
drawn  off  by  the  water  jackets  surrounding 
the  cylinder  walls ;  also,  the  lower  temperature 
in  the  cylinders  is  less  liable  to  affect  a  good 
oil.  thus  insuring  good  lubrication  of  the  pis- 
tons, valves,  etc.,  with  easier  running  .condi- 
tions, less  wear  and  longer  life. 


INCREASED    VOLUMETRIC    EFFICIENCY. 

The  volumetric  efficiency  of  a  compound 
compressor  is  obviously  greater  than  that  of 
one  having  a  single  cylinder.  The  compressed 
air  remaining  in  the  clearance  space  of  the 
low-pressure  cylinder,  being  at  a  much  lower 
pressure,  requires  less  movement  of  the  piston 
on  the  return  stroke  before  the  air  in  the 
clearance  space  is  expanded  to  a  pressure  equal 
to  that  6f  the  surrounding  atmosphere,  which 
permits  an  opening  of  the  air  inlet  valve.  As 
free  air  is  taken  into  the  low  pressure  cylinder 
only,  the  high-pressure  cylinder  bears  no  re- 
lation to  volumetric  efficiency.  The  reduced 
temperature  conditions  in  the  low-pressure 
cylinder  also  causes  less  heating  of  the  intake 
air  when  it  comes  in  contact  wnth  the  cylinder 
heads  and  walls,  which  results  in  obtaining 
a  denser  volume  of  air  at  each  stroke  of  the 
piston,  with  a  corresponding  increase  of  vol- 
umetric capacity. 

In  addition  to  the  advantages  already  men- 
tioned, the  maximum  stresses  in  a  compound 
compressor  are  reduced  to  about  55  per  cent, 
of  what  they  would  be  in  a  single  stage  ma- 
chine compressing  to  the  same  pressure.  In  a 
single  stage  compressor  having  a  cylinder  of 
20  inches  diameter  compressing  to  100  pounds 
terminal  gage  pressure,  the  piston  starts 
against  no  load  and  at  the  end  of  the  stroke 
meets  a  maximum  resistance  of  31,416  pounds. 
Assuming  the  compressor  to  be  running  at  a 
speed  of  150  revolutions  j)er  minute,  the  piston 
meets  this  resistance  and  its  release  300  times 
every  minute.  On  the  other  hand,  a  two  stage 
machine  compressing  to  this  same  pressure 
with  the  intake  or  low-pressure  cylinder  of 
the  same  size  as  the  above-mentioned  single 
stage  cylinder,  would  encounter  a  maximum 
pressure  of  only  9,424  pounds  when  working 
against  a  cooler  pressure  of  approximately  30 
pounds.  In  order  to  divide  the  load  equally, 
the  high-pressure  piston  area  would  be  pro- 
portioned to  the  low-pressure  piston  area  in 
the  same  ratio  as  the  square  roots  of  their 
absolute  pressures.  That  is 
High  pressure  area  :  314.16  :,  :  V14.7  :  V'114.7. 
Or  high-pressure  area^ii2.5  square  inches. 

The  area  112.5  square  inches  is  equivalent 
to  a  high-pressure  cylinder  diameter  of  about 
12  inches.  Compressing  from  30  to  100  pounds 
in  the  high-pressure  cylinder  gives  a  maximum 
unbalanced  pressure  of  70  pounds,  which  is 
equal  to  a  maximum  load  of  7.917  pounds  to 
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be  UK't  in  this  cyliiuU-r.  'llu*  ti>tal  maxinunn 
resistance  in  both  hi^h-  aiul  low-pressure  cyl- 
inders, is  therefore,  <).4J4  pounds  plus  7,917 
pounds,  or  17. .U'  l>ounds,  which  is  only  about 
53  per  cent.  (»t'  that  in  tlu-  sinj;le  stage  com- 
pressor. 


CARE   AND   USE    OF   AIR    DRILLS  AND 
HAMMERS 

BY     JAMKS     II.     MaGUIRE. 

Since  the  introduction  of  air  tools  much  has 
been  said  for  their  economy  in  some  cases 
and  their  expense  in  others.  "  But  although 
tiicy  may  be  expensive  to  buy.  and  in  some 
cases  expensive  to  maintain,  in  large  erect- 
ing establishments  they  have  become  indis- 
pensable. 

As  to  their  use,  you  can  have  one  hundred 
men  on  a  floor  and  under  certain  conditions 
get  along  with  five  drills  and  nobody  will 
ever  be  waiting,  and  on  the  other  hand,  you 
can  have  eight  or  ten  drills  on  the  same  job 
and  still  have  a  lot  of  hand  drilling  to  do. 

Just  put  your  head  to  work  and  look 
around.  You  see  jobs  that  some  men  are 
doing  where  they  use  a  drill  about  four  hours 
a  day  and  when  finished  they  put  it  on  the 
floor,  somewhere,  so  that  even  the}',  when 
wanting  it  later,  may  not  know  where  to  find 
it ;  others  desiring  to  use  a  drill  and  not 
knowing  just  where  to  get  one,  may  lose 
considerable  time  in  searching.  Another 
class  of  men,  when  ^through  with  a  drill  or 
hammer,  will  hide  it  or  lock  it  up  so  as  to 
be  able  to  get  it  when  they  need  it  again. 
Either  way  is  wrong.  Some  common  place 
should  be  selected  to  keep  the  drills  and  ham- 
mers ;  a  large  pan  on  which  to  lay  them  so 
that  the  oil  will  not  run  on  the  floor,  and 
pegs  of  about  4  or  5  inches  in  diameter  ar- 
ranged to  hang  the  hose  on.  When  not  in 
use  hose  should  never  be  left  lying  around 
on  the  floor  where  trucks  and  castings  may 
injure  it.  When  a  man  wishes  to  use  a  drill 
he  goes  to  the  pan  and  selects  the  one  re- 
quired for  his  work.  He  will  find  there  a 
key  for  the  chucks  and  a  hose.  If  there  are 
no  drills  there,  the  noise  from  where  they  are 
running,  or  the  sight  of  the  hose,  if  they 
are  piped  from  above,  attracts  him  to  where 
the  drills  are  in  use.  When  through  using 
the  drill  he  returns  it,  together  wath  the  key 
and  hose  to  the  common  keeping  place,  so 
that   the   next  man   that   w-ants   it   mav   know 


just  where  to  fuid  it.  Don't  let  every  man  who 
uses  a  drill  try  to  repair  it;  he  loses  time  and 
fre(|uently  spoils  it.  Have  a  man  who  is 
schooled  in  tlu-  mechani.sm  of  the  various  ma- 
chines to  look  after  the  repairs  and  forbid 
others   to   touch   them. 

In  choosing  a  hammer,  care  must  be  taken 
to  get  one  just  right  for  your  work,  if  pos- 
sible. Don't  get  one  that  has  too  strong  a 
blow,  any  more  than  you  would  get  one  that 
would  not  be  strong  enough  to  accomplish 
the  work  desired  of  it.  If  the  hammer  is 
used,  say,  for  snagging  castings,  and  the  blow 
delivered  knocks  ofT  the  snags,  and  then  has 
some  kick  beyond,  you  are  tiring  your  oper- 
ator unnecessarily.  A  very  neat  and  handy 
way  to  help  a  man  using  a  hammer  is  to 
make  a  sling  suspended  from  his  shoulder  to 
help  him  hold  the  hammer ;  it  helps  won- 
derfully. 

A  word  about  the  use  of  drills.  As  it  very 
often  happens,  it  takes  a  much  shorter  time 
to  drill  a  hole  with  an  air  drill  than  it  takes 
to  fasten  the  drill  to  the  desired  place.  So 
look  to  your  tackle  and  see  that  the  brackets 
used  to  hold  the  drills  can  be  not  only  ap- 
plied firmly  but  quickly,  and  train  your  men 
to  handle  them  with  the  least  possible  outlay 
of  energy  and  time.  Don't  install  air  drills, 
hammers,  lifts,  etc.,  and  then  not  make  it 
pay. 

OILING     PNEUMATIC     TOOLS. 

We  now  come  to  the  most  important  item 
in  the  care  of  air  tools — the  oiling.  As  to 
the  kind  of  oil,  it  is  yet,  to  my  mind,  an  open 
question.  My  best  results  have  been  with 
sewing-machine  oil.  Some  of  the  manufac- 
turers tell  you  to  "use  one-half  pint  of  good 
oil  every  day  in  this  machine."  You  can  live 
up  to  that  and  still  not  have  your  machine 
properly  oiled,  and  you  can  get  along  with 
one-quarter  of  that  oil  and  have  your  ma- 
chine oiled  as  it  should  be.  Most  machines 
have  a  hole  or  several  holes  marked  "oil 
here."  Oil  in  those  places,  of  course.  One 
of  these  holes  is  always  in  the  crank  case. 
After  pouring  in  a  quantity  of  oil  let  the 
drill  stand  in  an  upright  position  for  a  half 
a  minute  or  so  to  let  the  oil  run  into  the  gear 
case,  or  w^hatever  mechanism  may  be  in  the 
low^er  part  of  the  machine,  meanwhile  turn- 
ing the  chuck  so  the  oil  may  w^ork  into 
the  gearing;  then  tip  the  machine  upside 
down    and    let    it    stand    for    another    half    a 


COMPRESSED  AIR  MAGAZINE. 


6lO: 


minute  to  let  the  oil  work  into  the  upper  part 
of  the  machine ;  now  pour  out  nearly  all  the 
oil  that  will  run  out  of  oil  hole  in  the  crank 
case,  and  if  you  find  you  have  to  pour  out 
too  much,  put  less  oil  in  next  day,  until  you 
have  arrived  at  exactly  the  amount  required 
to  oil  your  machine  thoroughly  and  leave  a 
little  in  the  case  for  the  cranks  to  dash  into 
the  cylinders.  No  need  of  putting  in  a  lot 
more  oil  than  you  need  and  then  blow  it  out 
through  your  exhaust.  Don't  forget  the  fol- 
lowing: pour  just  a  little  oil  into  the  hole 
where  your  air  enters  so  as  to  oil  the  valves. 
Some  people  recommend  keeping  the  hammers 
in  an  oil  bath  when  not  in  use.  I  get  excellent 
results  from  mine  by  oiling  four  times  a  day 
with  sewing-machine  oil,  and  soaking  them  in 
a  bath  of  benzine  once  a  week.  Drills  should 
also  be  cleaned  once  a  week  with  benzine. 
Now,  the  oil  you  pour  out  from  your  machines 
which,  by  the  way,  should  be  but  little,  as  good 
oil.  of  the  kind  described  is  expensive,  you 
should  save  and  run  through  a  filter,  not  to  be 
used  again  in  the  air  tools,  but  to  be  used  to 
oil   shafting,   etc. 

In  conclusion  a  few  rules : 
Until   you    are   sure   you   have   some   better 
lubricant,   use   sewing-machine   oil. 
Oil  drills  once  a  day. 
Oil  hammers  four  times  a  day. 
Clean  both  once  a  week  with  benzine. 
Don't  let  every  Tom,   Dick  and  Harry  try 
to  repair  your  machines. 

Get  the  most  out  of  your  equipment  by  hav- 
ing proper  brackets  and  rigs,  and  when  your 
machines  and  hose  are  not  in  use  have  them 
so  anyone  requiring  them  will  know  where  to 
get  them,  and  have  them  brought  to  this  keep- 
ing place  every  night  so  that  the  man  ap- 
pointed to  oil  them  will  have  his  work  done 
before  the  machines  are  needed  for  use  In  the 
morning. 

You  will  find  yourself  amply  repaid  for  any 
little  trouble  you  may  be  put  to,  to  organize 
some  method  of  care  and  use  of  these  valuable 
tools. — American  Machinist. 


Another  steamship  has  been  raised  by  the 
Arbuckle  compressed  air  method.  This  time 
the  vessel  was  the  "Soperga,"  ,an  Italian  ship 
which  went  ashore  on  Molasses  Reef  on  her 
way  from  New  York  to  Galveston.  The  ap- 
paratus was  applied  April  29th,  and  on  May 
6th  the  vessel  was  afloat. 


STORAGE  OF  COMPRESSED  ACETY- 
LENE 

Ever  since  illuminating  gas  came  into  gen- 
er  use,  attempts  have  been  made  to  compress 
it  into  portable  steel  cylinders  or  flasks  for 
use  on  vehicles,  and  for  country  residences. 
The  results  obtained,  however,  were  unsat- 
isfactory, for  illuminating  gas  is  generally  a 
mixture  of  many  different  gases,  some  of 
which  easily  liquefy  under  pressure  while  oth- 
ers, like  methane,  hydrogen,  etc.,  can  be  lique- 
fied only  at  very  low  temperatures.  When 
these  cylinders  are  connected  up  for  use,  the 
gas  fed  to  the  burner  will  vary  greatly  as  to 
its  heating  and  illuminating  properties.  Then 
there  is  always  a  certain  part,  generally  as 
much  as  ten  per  cent.,  that  will  not  volatilize 
but  remains  as  a  tarry  deposit  in  the  cylinder. 
Theoretically,  acetylene  is  admirably  adapted 
for  this  purpose,  for  it  is  homogeneous  in  its 
composition,  leaves  no  deposit  in  the  cylin- 
der, and  when  properly  fed  to  a  suitable  burn- 
er it  gives  an  intense  brilliant  white  light 
which  is  superior  in  many  ways  to  any  other 
form  of  illuminant. 

The  introduction  of  acetylene  for  lighting 
and  other  industrial  purposes,  is  of  rather  re- 
cent date.  Prior  to  1895,  this  gas  was  scare- 
ly  known  outside  chemical  laboratories,  but 
the  discovery  of  calcium  carbide  and  the  pro- 
cess of  making  it,  made  this  gas  available  for 
commercial  use.  Acetylene  belongs  to  the  class 
of  unsaturated  hydrocarbons  and  is  unstable 
except  at  moderate  pressures  and  tempera- 
tures. Its  critical  temperature  is  2)7  deg.  C, 
and  pressure  68  atmospheres ;  however,  it  may 
be  liquefied  by  a  pressure  of  21.53  atmos- 
pheres if  the  temperature  is  reduced  to  o  de- 
grees, .and  one  cubic  foot  of  this  liquid  would 
produce  400  cubic  feet  of  gaseous  acetylene 
at  atmospheric  pressure.  If  acetylene  could 
be  safely  compressed  and  stored  in  steel  cylin- 
ders in  this  cheap  and  simple  manner,  its  use 
to-day  would  be  much  more  general  than  it 
is,  but  liquid  acetylene  at  normal  tempera- 
tures is  about  as  touchy  as  fulminate  of  mer- 
cury, and  its  disruptive  power  equal  to  that 
of  nitroglycerine.  Early  attempts  to  handle 
acetylene  in  this  form  were  fraught  with  nu- 
merous violent  explosions.  Usually  it  was 
impossible  to  discover  the  primary  cause  of 
the  explosion,  for  the  witnesses  rarely  ever 
survived  the  disaster,  but  it  is  probable  that 
it  was  due  to  heat  generated  in  manipulating 
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tlu'  oiuKt  \;iIvA'  or  in  xnm'  hlnw  on  tlu'  r\lin- 
ikr. 

.\ccl>K'iU'  uiuKr  ;i  i)r(.>Mirr  ot'  Kss  ili.m 
two  atmosplu'ri  s  nr  thirty  |)oiiii(l>  per  s(|U.iro 
inch  is  pr.ictic.illy  safe  against  ixplovimi. 
ShcniKl  tho  >4as  he  hrouiiht  in  contact  with  a 
wire  at  white  heat  or  should  a  priniiui;  of 
fuhninate  of  mercury  he  exploded  in  the  c\l- 
inder  of  jias  at  this  pressure,  the  .uas  in  ini- 
mediate  contact  witii  the  wire  of  fulminate 
will  he  (Iecompi>sed.  hut  the  explosion  woidd 
not  he  transmitteil  to  the  whole  mass.  When 
imder  iireater  pressuri-,  an  expU)sion  caused 
hy  heat  or  ctMicussion  at  one  point,  is  instant- 
ly transmitted  throu.uh  the  whole  mass,  caus- 
ing a  violent  explosion.  If  the  gas  is  in  the 
liquid  form,  the  pressure  generated  is  enor- 
mous amounting  to  5.000  or  O.ooo  atmospheres. 

In  exploding,  acetylene  disintegrates  and 
hydrogen  is  set  free,  and  usually  takes  fire 
as  it  comes  in  contact  with  the  air.  while  the 
carbon  is  thrown  down  in  the  form  of  an  ex- 
tremely tine  impalpable  powder.  It  is  possi- 
ble that  carbon  obtained  in  this  manner,  call- 
ed "acetylene  btack"  by  Hubou.  may  yet  re- 
place lamp  black  for  delicate  w^ork.  It  has  a 
pure  black  cast  or  tint,  is  free  from  grease, 
and  is  especially  suited  for  making  black 
paint,   printer's   ink  and   for   printing  calico. 

About  1897.  Georges  Claude,  of  liquid  air 
fame,  and  another  Frenchman,  M.  A.  Hess, 
discovered  that  acetone,  a  combustible  liquid 
resembling  wood  alcohol,  would  readily  ab- 
sorb acetylene  gas.  In  putting  this  discovery 
in  practical  use,  they  partially  filled  the  cylin- 
der with  acetone  and  then  forced  the  gas  in 
under  a  pressure  of  about  twelve  atmospheres. 
At  this  pressure  and  at  ordinary  temperature, 
the  acetone  will  absorb  about  300  times  its 
own  volume  of  the  gas.  When  the  valve  is 
opened  the  pressure  is  reduced  and  the  sur- 
plus gas  passes  ofif  to  the  point  of  use,  such 
as  a  burner,  leaving  the  acetone  unaltered  and 
capable  of  taking  up  a  fresh  charge  of  gas. 
In  all  cases  where  acetone  is  used,  the  valve 
must  be  kept  at  the  top  to  prevent  its  escape. 
No  trouble,  however,  would  result  should  it 
get  mixed  with  the  gas.  since  it  itself  is  in- 
flammable. The  gas  stored  in  this  way  is 
safe  against  explosion  so  long  as  the  cylin- 
der is  full,  but  this  process  is  open  to  one  ser- 
ious objection.  Acetone  increases  in  ^olume 
when  it  absorbs  the  gas.  A  cylinder  having 
only  fortj'-seven  per  cent,  of  its  volume  filled 


with  acet(»ne  at  the  beginning  will  be  entirc- 
l\  tilled  with  li(juid  when  fully  charged  with 
the  gas,  and  when  the  gas  is  escaping  it 
shrinks,  so  that  a  cylinder  which  has  been 
in  Use  f(»r  some  tune  will  have  a  space  at  the 
lop  lilird  with  gas  under  a  dangerous  pres- 
sure. I'ikKt  a  pressure  of  ten  atmospheres 
(150  pounds)  the  presence-  of  tlu-  acetone  is 
an  element  ui  safety,  for  the  acetylene  dis- 
solved therein  does  not  explode,  but  should 
ihe  |)ressure  he  over  twenty  atmospheres  (300 
pounds)  it  does  explode  and  adds  its  heat  of 
combustion  to  that  evolved  hy  the  acetylene. 
W  hile  this  process  great l\-  reduced  the  chances 
of  explosion,  still  the  use  of  acetone  alone  was 
too  dangerous  to  make  the  process  a  commer- 
cial success. 

A  few  years  later,  Edmund  T'ouche,  of 
Paris,  added  the  final  element  which  made 
compressed  acetylene  a  commercial  possibil- 
ity. He  lirst  placed  in  the  cylinder  a  filler  of 
some  inert  porous  substance,  such  as  asbestos, 
infusorial  earth,  or  charcoal,  etc.,  and  then 
added  the  acetone  in  which  the  gas  was  ab- 
sorbed as  before.  In  this  way  he  prevented 
the  existence  of  any  considerable  volume  of 
compressed  gas  at  any  one  point.  In  the  il- 
lustration is  shown  one  form  or  filler  now  in 
use.  It  consists  of  disks  of  asbestos  entirely 
filling  the  cylinder.  This  filler  decreases  the 
gas  holding  capacity  about  twenty  per  cent., 
but  its  addition  renders  the  gas  entirely  safe 
against  explosion.  In  practice,  these  cylin- 
ders charged  under  ten  atmosphere^  will  hold 
about  100  volumes  of  the  gas  measured  at  at- 
mospheric pressure.  A  platinum  wire  passing 
through  the  cylinder  and  heated  electrically  to 
a  white  heat  has  no  other  effect  than  to  de- 
compose the  gas  in  immediate  contact  with  it, 
for  the  porous  filler  effectually  prevents  the 
further  spread  of  the  explosive  wave.  The 
porous  filler  alone,  when  composed  of  char- 
coal, forms  a  perfectly  safe  medium  for  the 
storage  of  the  compressed  gas  if  the  pressure 
does  not  exceed  seven  atmospheres.  At  this 
pressure,  according  to  Capelle,  a  cylinder  of 
one  liter  capacity  will  hold  eight  to  nine  liters 
of  acetylene  measured  at  atmospheric  pres- 
sure. This  is  a  cheap  method  and  ma}-  be 
used  advantageously  where  a  large  reserve 
supply  is  not  needed.  When  the  cylinders 
are  exhausted  they  are  usually  sent  to  some 
central  charging  station.  Here  acetylene  from 
the    generator,    after    being    purified,    is    com- 
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COMPRESSED  ACETYLENE  GAS  STORAGE. 


pressed  generally  in  two  stages,  carefully 
cooled  and  then  forced  into  large  storage 
tanks  which  also  contain  a  porous  filler  and 
acetone.  The  exhausted  cylinders  are  con- 
nected up  and  charged  directly  from'  these 
tanks. 

The  consumption  of  compressed  acetylene 
has  become  enormous  in  recent  years.  Small 
portable  generators  are  not  practicable  in  win- 
ter, as  the  water  is  apt  to  freeze,  but  the  so- 
lution of  acetone  and  acetylene  will  not  freeze 
during  the  coldest  weather.  To-day  no  auto- 
mobile is  considered  complete  without  a  cyl- 
inder of  acetylene  for  lighting  purposes.  The 
cylinders  are  also  extensively  used  in  light- 
ing railway  cars,  boats,  buildings,  and  for  oxy- 


acetylene  flame  apparatus.  As  yet  they  are 
used  but  to  a  limited  extent  on  locomotives 
for  supplying' the  head  lights,  but  this  field  may 
widen  in  future,  for  the  light  produced  by 
acetylene  comes  nearer  to  being  the  same  as 
sunlight  than  any  other  forms  of  artificial  il- 
luminant,  and  hence  does  not  distort  or  alter 
the  colors  of  the  various  signals  used  in 
railwav    work. — Sciciifi/ic    Aincncan. 


The  lofs  of  power  in  a  gas  engine  owing  to 
its  installation  at  considerable  elevations  above 
sea  level  may  be  roughly  estimated  at  about 
3^  per  cent,  for  each  thousand  feet.  The  de- 
crease in  barometric  height  is  about  one  inch 
for  950  ,feet  of  altitude. 


€io8 


COMrKliSSIiU  AIR  MA(.A/1N1C 


340 
320 
300 

eeo 

.^  260 

s: 

i2 


A^ 

B^ 

— 

- 

— 

- 

'" 

"" 

"-'- 

-- 

-- 

-- 

r=H 

r=i 

" 

-- 

^^ 

3 

— 

- 

- 

-- 

- 

; 

/ 

dL 

c 

ir 

r 

1 

/; 

I 

1 

I 

d' 

— 

— 

— 

— 

— 

— 

— 

— 

— 

-■ 

._. 

— 

-_, 

-^1 

:; 

338- 
336" 


^162" 


35" 


Powtn. 


Fig.  1 

THE  EFFECT  OF  VACUUM  AT  AN 
ALTITUDE 

In  a  recent  issue  of  Ponjer  the  question  was 
asked :  "At  a  height  of  a  mile  is  the  vacuum 
in  an  engine  cylinder  as  effective  as  at  the  sea 
level  ?" 

And   answered :    ''It   is." 

In  an  effort  to  be  laconic  the  editor  who 
wrote  the  answer  failed  to  put  himself  into 
the  mental  attitude  of  the  man  who  wrote 
the  question.  If  the  question  asked  no  more 
than  whether  a  given  force  is  just  as  effective 
to  move  a  piston  in  Colorado  as  in  New  York 
his  answer  is  right,  but  the  questipn  is  not 
worth  answering.  Adding  twenty  inches  of 
vacuum  will  add,  in  round  numbers,  ten 
pounds  to  the  mean  effective  pressure,  and 
this  wherever  the  engine  may  be,  but  this  is 
too  obvious  to  be  taken  as  the  point  in  the 
question.  The  atmospheric  line  from  which 
it  is  reckoned  has  slipped  downward  at  the 
higher  altitude. 

Suppose  an  engine  with  an  initial  pressure 
of  100  pounds  gage  and  a  vacuum  of  20  inches 
to  be  run,  first  with  a  30-inch  barometer,  as 
there  might  be  at  the  sea  level,  and  then  with 
a  25-inch  barometer,  as  there  might  be  at  the 
altitude   of   a   mile.      To    simplify   the    matter. 


since  we  are  not  after  absolute  results,  assume 
2  inches  of  mercury  to  be  equal  to  one  pound 
pressure. 

Then  at  the  sea  level  with  the  30-inch 
barometer  the  .atmospheric  pressure  would  be 
15  pounds  and  the  absolute  initial  pressure 
115  pounds  per   square   inch. 

With  a  20-inch  vacuum  the  absolute  back 
pressure  in  the  cylinder  would  be  30  —  20  = 
10  inches  of  mercury,  or  5  pounds. 

The  ideal  diagram  would  ht  A'  B  C  D  E 
of  Fig.  I,  which,  with  a  ratio  of  expansion  of 
6,  gives  a  theoretical  mean  effective  pressure 
of  48.5  pounds. 

On  the  mountain,  with  the  25-inch  barome- 
ter the  atmospheric  pressure  would  be  12.5 
and  the  absolute  initial  pressure  112.5  pounds. 
With  a  20-inch  vacuum  the  back  pressure  in 
the  cylinder  would  be  25  —  20  =  5  inches  of 
mercury,  or  2.5  pounds  absolute. 

The  ideal  diagram  would  he  a  b  c  d  e,  rep- 
resented by  the  dotted  lines,  and,  with  six 
expansions  as  before,  would  give  a  mean  ef- 
fective pressure  of  49.8  pounds;  2.7  per  cent, 
more  than  in  the  case  of  the  same  engine  with 
the  same  initial  pressure  (gage)  and  the  same 
vacuum  at  the  sea  level. 

The  effect  of  the  condenser  is  to  reduce  the 
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lower  temperature  level,  to  increase  the  head 
or  fall  of  the  heat  between  the  temperatures 
of  entry  and  rejection.  A  20-inch  vacuum  on 
a  mountain  means  a  lower  absolute  pressure 
and  a  lower  temperature  of*  rejection  than 
does  the  same  vacuum  at  the  sea  level. 

In  the  diagram,  Fig.  2,  heights  represent 
temperatures  instead  of  pressures,  as  they  do 
in  Fig.  I,  but  the  area  represents  energy  just 
as  does  the  area  of  the  other  diagram.  The 
diagram  should  be  plotted  with  absolute  tem- 
peratures, so  that  its  real  base  is  460  -{-  338  = 
798  units  below  the  level  A  B  and  the  area  of 
the  whole  diagram  would  represent  the  energy 
in  the  form  of  heat  which  must  be  put  into  a 
pound  of  water  to  make  it  into  a  pound  of  dry 
saturated  steam  at  the  given  pressure.  The 
area  A  B  C  D  shows  how  much  of  this  heat  a 
perfect  engine,  working  in  a  Rankine  cycle 
between  the  limits  338  and  162  degrees  (100 
pounds  initial  and  20  inches  vacuum  at  30- 
inch  barometer),  could  convert  into  mechani- 
cal energy  as  against  that  convertible  by  a 
similar  engine  working  between  the  Hmits  336 
and  135  degrees  (100  pounds  initial  and  20 
inches  vacuum  with  25-inch  barometer),  as 
shown  by  the  area  bounded  by  the  dotted 
lines. — Power. 


APPLYING  CHEMICALS  TO  WATER 
IN    PIPES   UNDER  PRESSURE 

The  modern  tendency  toward  the  use  of 
hypochlorite  and  other  disinfectants  in  the  pu- 
rification of  water-supplies  for  drinking  pur- 
poses has  brought  up  the  question  of  the  most 
suitable  means  of  applying  these  chemicals  to 
the  water. 

To  avoid  contact  with  the  pump  valves,  the 
solution  can  be  added  after  the  water  has  left 
the  pumps ;  but  the  introduction  of  a  definite 
proportion  of  some  chemical  solution  into  wa- 
ter flowing  in  a  pipe  under  pressure  is  not  an 
easy  matter.  The  solution  can  be  fed  into  the 
main  readily  enough  by  subjecting  it  to  a  pres- 
sure slightly  exceeding  the  water  pressure  at 
the  point  where  the  feed  pipe  is  attached,  and 
the  amount  of  solution  introduced  during  any 
interval  of  time  will  depend  on  the  difference 
between  the  feed  pressure  and  the  pressure  in 
the  main.  The  trouble  is  that  the  rate  of  flow 
through  the  main  continually  changes,  so  that 
the  requirements  are  not  met  by  simply  main- 
taining the  feed  pressure  at  a  definite  amount 
above  that  in  the  main.     The  pressure  differ- 


V^en  fun'    Tube 


A   Device  for  Adding   Hypochlorite   or  Other   Disin- 
fectants to  Water  in  Pipes  Under  Pressure. 

ence  could  be  adjusted  to  give  the  right  mix- 
ture at  the  average  rate  of  flow;  but  with  di- 
minishing flow  through  the  main  the  water 
would  be  over-dosed,  and  under-dosed  when 
the  flow  increased  above  the  average. 

The  problem  has  been  met  by  the  Simplex 
Valve  &  Meter  Co.,  of  112  North  Broad  St., 
Philadelphia,  Pa.,  by  utilizing  the  well-known 
relationship  between  pressure  drop  and  rate  of 
flow  in  a  Venturi  tube. 

The  ingenious  arrangem^ent  of  the  apparatus 
is  shown  diagrammatically  in  the  accompanying 
illustration.  The  chief  elements  are  the  pres- 
sure tank,  the  solution  tank  and  the  float  cham- 
ber. Solution  is  admitted  to  the  float  chamber 
from  the  solution  tank  through  a  needle  valve 
V.  This  valve,  is  controlled  by  a  float  which 
keeps  the  solution  in  the  chamber  at  a  con- 
stant level.  The  pipes  shown  by  solid  lines  in 
the  diagram  are  the  only  ones  in  use  when  the 
apparatus  is  feeding  solution  into  the  main.  A 
pipe  from  the  main  just  above  the  Venturi  tube 
opens  into  the  bottom  of  the  pressure  tank. 
Water  rises'  in  this  pipe  and  compresses  the  air 
above  it  in  the  pressure  tank  until  the  pres- 
sure in  the  main  is  balanced.  A  pipe  from  the 
top  of  the  pressure  tank  communicates  with 
the  upper  end  of  the  solution  tank,  and  a 
branch  from  this  same  pipe  opens  into  the 
float  chamber.  In  this  way,  the  same  air  pres- 
sure as  exists  in  the  pressure  tank  is  made  to 
act  on  the  contents  of  the  solution  tank  and 
the  float  chamber. 

The  proportion  of  solution  fed  into  the  wa- 
ter in  the  main  is  regulated  by  adjusting  the 
gate  valve  F.  By  observing  the  rate  at  which 
the  solution  level  drops  in  the  gage  glass  on 
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till-  Miluiidii  t;mls  and  lompannK  ii  with  tlii' 
\»)limu'  ni"  uatiT  tln\\iiij4  in  a'  }^i\cMi  titnr 
throuKh  thr  Wiilnri  \\\\h\  ilir  pruporlioii  oi 
solution  hcin.n  ;i(l»k'(l  ran  l»r  (k'linitdy  (ktrr- 
niiiK'd.  W'lun  tin-  \a\\v  !•'  i>  once  set  at  tlu' 
corn-ol  opening,  tlu-  xtlntion  will  continnr  tc 
tlow  at  the  (K'sirod  ratio  ni'  yrani^  pi-r  .gallon 
rojj^ardlcss  of  variation^  in  thr  anioinit  ol  w  a 
tcr  tlowinii.  This  is  hccanso  the  pressure  droj) 
thronj^jh  the  valve  F  is  always  practically  the 
same  as  the  ditTerence  in  head  at  the  full  and 
contracted  sections  of  the  Ventnri  tuhe.  which 
varies  in  .  ilirect  jiroportion  to  the  voliniie  of 
water   passini^   throngh. 

The  pressure  on  the  solution  in  the  tloat 
chaniher  will  he  slightly  less  than  that  in  the 
main,  due  to  the  head  of  water  in  the  pressure 
tank.  This  pressure  ditierence  would  he  of  no 
consequence  so  long  as  it  were  constant,  since 
it  W(nild  he  compensated  in  the  adjustment  of 
the  feed  valve  1\  As  a  matter  of  fact,  how- 
ever, the  water  in  the  pressure  tank  will  rise 
while  the  sc^lution  is  being  drawn  off  from 
the  solution  tank.  The  amount  of  this  rise 
will  depend  on  the  ration  between  the  diameter 
of  the  pressure  tank  and  the  capacity  of  the 
solution  tank.  If  the  capacity  of  the  solution 
tank  be  made,  say,  130  gals.,  the  rise  of  water 
can  ordinarily  be  reduced  to  a  fraction  of  one 
per  cent,  of  the  total  head  on  the  main  by 
making  the  pressure  tank  4  or  5  ft.  in  diame- 
ter. The  effect  on  the  solution  feed  will  then 
be  negligible. 

As  the  solution  is  drawn  off  from  the  solu- 
tion tank,  the  water  rises  in  the  pressure  tank 
until  finally  when  all  the  solution  has  been 
draW'U  off  an  equivalent  volume  of  water  will 
have  been  admitted  to  the  pressure  tank.  The 
solution  tank  will  meantime  have  received  the 
same  volume  of  compressed  air.  This  air  can 
be  returned  to  the  pressure  tank  by  closing 
valves  C  and  E  and  opening  valves  D  and  K. 
This  causes  water  from  the  main  to  pass  into 
the  bottom  of  the  solution  tank  and  drive  the 
air  before  it  back  into  the  pressure  tank.  The 
water  in  the  pressure  tank  is  driven  out  by  the 
air  and  escapes  through  the  drain  valve  K. 
The  solution  tank  is  next  cut  off  from  the  main 
and  from  the  pressure  tank  by  closing  valves 
G  and  D,  and  can  then  be  emptied  of  v/ater 
through  the  drain  valve  N.  A  fresh  charge  of 
solution  is  then  poufed  in  through  the  funnel 
shown  by  dotted  lines,  and  everything  is  ready 
to  begin  feeding  again  as  soon  as  the  valves 
G.  E  and  C  are  reopened. — Engineering  Xezcs. 
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EARLY    IRON    MANUFACTURE   AND   A 
PRIMITIVE  BLOWER 

At  a  recent  meeting  of  the  Engineer's  So- 
ciety of  Western  Penn.sylvania,  when  methods 
of  iron  and  steel  manufacture  were  under  dis- 
cussion, Mr.  Jas.  H.  Baker  said:  In  the  mat- 
ter of  iron  making  it  may  interest  my  young 
friends  to  have  a  description  of  what  I  saw  in 
this  line  53  years  ago  in  the  mountains  of  Vir- 
ginia. I  would  take  my  father's  team  and  go 
to  an  iron  works  and  wait  all  day  while  the 
forge  made  for  us  probably  a  ton  of  wrought 
iron  from  the  pig.  I  am  not  an  illustrator,  but 
the  accompanying  rough  sketch  will  show  you 
how  we  obtained  the  blast  to  blow  the  open 
hearth  fire  in  which  the  pig  iron  was  melted 
down,  refined,  forged  into  a  bloom,  reheated 
and  forged  into  bar  iron.  A  fall  of  water  of 
say  15  ft.  was  secured,  and  after  falling  some 
four  or  five  feet  to  acquire  velocity  it  entered 
an  upright  box  or  hollow  log,  the  lower  end 
of  which  was  inserted  in  a  horizontal  box,  and 
at  the  opposite  end  of  this  last  and  on  the 
lower  side  was  a  hole  to  let  the  water  out, 
while  the  air  carried  in  all  the  falling  water 
escaped  from  the  top  of  the  box  through  anoth- 
er vertical  log  or  box  and  was  carried  to  the 
forge.  The  hammer  was  run  by  tups  fastened 
in  the  wooden  shaft  of  an  overshot  water 
wheel,  w'hile  the  spring  to  give  the  hammer 
force  was  made  of  dry  hickory  wood.  There 
were  only  two  sizes  of  iron  given  out  to  iron 
wagons  with,  and  from  these  we  made  ^11  the 
small  forgings  as  well  as  the  large  ones. 


It  takes  4.221  pounds  of  ore,  2,310  pounds 
of  coke,  which  means  about  three  thousand 
pounds  of  coal,  and  1,147  pounds  of  lime- 
stone, a  total  of  over  four  tons  of  ore,  coal, 
and  limestone,  to  make  a  ton  of  pig  iron. 
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FIG.   i.| 

A    WATER    OPERATED    LABORATORY 
BLOWER 

By  R.  J.  England. 

A  very  simple  substitute  for  the  usual  bel- 
lows in  connection  with  a  blowlamp,  etc.,  is 
shown  in  Fig.  i.  Where  a  water  main  at 
fairly  high  pressure  is  available,  this  apparatus 
supplies  a  constant  blast  of  air  to  the  lamp  at 
a  pressure  equal  to  that  given  by  a  good  foot 
bellows,  and  the  advantage  of  being'  able  to 
give  all  one's  attention  to  the  work  in  hand  is 
obviously  very  great. 

The  arrangement  consists  of  a  closed  cylin- 
drical vessel  D  of  dimensions  shown  in  Fig.  i, 
which  is  preferably  made  of  brass,  having  a  T 
piece  fixed  at  the  top.  One  end  of  limb  B  of 
the  T  piece  is  connected  to  the  supply  pipe  C. 
while  the  other  end  communicates  with  the 
vessel  D,  the  limb  A  being  left  open.  A  pipe 
E,  also  connected  with  the  interior  of  D,  is 
led  from  the  top,  and  connected  to  the  blow- 


FIG.  2.- 


lamp,  etc.,  by  rubber  tube.  A  water  gauge  F 
is  fitted  to  D  to  enable  the  level  of  the  water 
to  be  read,  while  G  is  the  exhaust  pipe,  which 
must  have  a  stop  cock,  as  shown. 

The  action  of  the  above  apparatus  is  very 
simple.  When  connection  is  made  with  the 
main,  water  at  a  high  pressure  in  the  pipe  C 
enters  the  T  piece  with  a  large  velocity,  the 
pressure  energy  of  the  water  being  here  al- 
most altogether  changed  to  kinetic  energy,  the 
pressure  in  B  falls  below  that  of  the  atmos- 
phere, and  hence  air  rushes  in  through  A,  and 
mixing  with  the  water,  is  carried  into  D. 
Now  the  stop  cock  on  the  exhaust  pipe  is  so 
regulated  that  there  is  always  a  few  inches  of 
water  in  the  lower  part  of  D.  It  will  be  seen 
that  the  air  which  has  been  carried  into  D 
has  now  no  way  of  escape  except  by  the  pipe 
E,  so  if  this  is  closed  the  pressure  in  D  must 
rise.  Hence  we  can  get  a  constant  supply  of 
air  from  the  pipe  E.  A  blower  of  the  dimen- 
sions shown  is  in  daily  use  in  a  large  physics 
laboratory  for  sealing  tubes  and  for  glass 
work  generally. 

The  vessel   D  is  made   of  sheet  brass  with 
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SdldiTiil  jniiii>,  wliili'  till-  water  K''K<-'  '!^  sim- 
ply inado  by  solilcring  in  two  '.s  in.  lij^lit- 
augk'  gas  l)omls,  as  shown,  and  coinucting 
the  free  cmls  to  a  piece  of  straight  ghiss  tnhe 
!)>■  means  of  rubber  tube.  The  whole  appar- 
atus is  lixed  to  the  wall  by  two  strips  of  metal 
KK.  and  is  permanently  connected  up  to  the 
welter  main   through  a  stop  cock. 

The  above  apparatus  may  be  used  also  for 
drawing  air  tiirough  tubes,  etc.  Thus,  suppose 
we  wish  to  fill  an  optical  instrument  with  dry 
air.  io  prevent  condensation  of  moisture  on 
the  glasses  in  cold  weather,  all  that  is  neces- 
sary is  to  connect  one  end  of  the  instrument 
to  be  desiccated  to  drying  tubes,  etc.,  and  the 
other  end  to  limb  A  of  the  T  piece  on  the 
blower.  When  the  water  \»  turned  on  a  steady 
stream  of  air  will  be  drawn  through  the  dry- 
ing tubes  into  the  instrument.  For  this  pur- 
pose the  tube  E  and  the  stop  cock  G  should 
be  left  full  open.  Of  course,  if  it  is  only  re- 
quired for  the  latter  purpose  the  T  piece  A  B 
is  alone  required,  and  the  rest  of  the  blower 
may  be   dispensed   with. 
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Air-jet  Agitator 

DIRECT  STEAM-COMPRESSED  AIR 
FOR    SLIME   AGITATION 

Bv  Oekar  Nagel. 

Air  compressors  are  generally  used  in  the 
cyanide  process  for  supplying  the  aeration 
necessary  according  to  the  equation : 
2Au4-4kcN+0+H,0=2KAu(CN),+2K0H 
If,  without  any  extra  expense  the  air  for  this 
reaction  could  be  furnished  by  means  of  an 
appliance  in  which  direct  steam  is  the  acting 
medium,  it  would  mean  a  great  advantage  as 
compared  to  the  present  process,  since  the 
aeration  would  be  coupled  with  a  simultaneous 
costless  heating  of  the  solution.  The  effect  of 
heating  is  important  in  the  cyanide  process, 
as  it  means  an  acceleration  of  the  reaction  and 


more  rapid  solution  (Ncrnst  has  shown  that 
in  nearly  ail  reactions  the  speed  is  doubled  by 
a    lo-deg.   C   increase  in   temperature). 

.\n  apparatus  suited  for  sucking  or  pressing 
air  b\  means  of  .steam  through  liquids  is  the 
steam-jet  exhauster,  shown  in  the  accompany- 
ing illustration.  D  is  the  discharge,  E  the  gas 
and  6'  the  steam  entrance. 

Compared  with  air  pumps,  these  instruments 
have  advantages  which  give  them  the  prefer- 
ence wherever  they  are  applicable,  viz:  (l) 
They  have  no  moving  parts  and  need  prac- 
tically no  repairs;  (2)  the  cost  of  the  jet  ap- 
paratus is  only  a  fifth  that  of  air  pumps;  (3) 
the  jet  apparatus  may  be  simply  inserted  in 
the  pipe  line,  while  air  pumps,  as  a  rule,  re- 
quire foundations,  and  often  separate  build- 
ings. These  steam- jet  exhausters  are  con- 
structed for  a  mean  steam  pressure  of  45  lb., 
and  are  built  with  capacities  from  100  to 
60,000  cu.  ft.  per  hour. — Engineering  and  Min- 
ing Journal. 


MARBLE 

The  w'ord  "marble"  is  not  an  exact  scientific 
term,  but  merely  a  popular  or  trade  designa- 
tion for  certain  kinds  of  limestones.  No  defin- 
ition can  be  made  broad  enough  to  include  all 
of  the  marbles,  or  restricted  enough  to  ex- 
clude certain  limestones.  The  accepted  defin- 
ition is :  "A  crystalline  limestone,  capable  of 
taking  a  high  polish,  and  suitable  for  use  in 
building  or  decoration."  But  some  structural 
marbles  are  highly  crystalline  and  yet  take 
only  a  dull  polish.  There  are  limestones,  on 
the  contrary,  that  will  take  a  polish  and  yet 
cannot  be  called  marbles  because  of  their  lack 
of  a  crystalline  texture.  Lithographic  lime- 
stone can  be  polished,  but  no  one  would  think 
of  calling  it  a  marble  because  of  its  dullness 
and  lack  of  distinction.  Most  of  the  foreign 
limestones  that  we  are  now  using  for  interior 
decoration  partake  far  more  in  their  structure 
and  texture  of  the  nature  of  lithographic  stone 
than  of  genuine  marble.  But  because  of  their 
beauty  in  coloring  and  the  soft  polish  they 
take,  thej^  .are  now  very  largely  classified  as 
marble  bv  the  trade. 


The  longest  word  found  in  the  Imperial  edi- 
tion of  Webster's  dictionary  contains  13  sylla- 
bles and  27  letters — one  more  than  the  alpha- 
bet numbers — "perineocalporectomyomectomy," 
which  names  a  delicate  and  complex  operation 
in  surgery. 
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FOR  HIGH  PRESSURE  GAS 

Compressed  air  and  compressed  gas, 
whether  natural  gas  compressed  by  the  forces 
of  nature,  or  manufactured  illuminating  gas 
artificially  compressed,  are  so  closely  related 
that  it  would  seem  not  to  be  going  out  of  the 
way  to  speak 'of  the  latter  in  a  .journal  os- 
tensibly devoted  to  the  interests  of  the  former, 
as  is  done  in  our  present  issue.  The  air  com- 
pressor is  of  course  quite  as  readily  a  gas 
compressor  also,  and  for  it  to  be  offering,  and 
indeed  urging  the  acceptance  of,  its  services 
for  gas  as  well  as  for  air  should  be  natural 
enough.  Indeed  the  compressor  has  a  right  to 
feel  slighted  while  its  proffered  services  are 
so  ignored  and  the  gas  interests  give  it  so 
little   employment. 

Experience  has  completely  demonstrated,  es- 
pecially in  European  practice,  that  gas  served 
at  higher  pressures  is  more  economical  and 
satisfactory  for  the  consumer,  and  many  miles 
of  high  pressure  distributing  pipes  have  been 
laid  and  are  in  satisfactory  use  in  cities  both 
in  England  and  in  Germany.  The  pressures 
now  desirable  where  the  gas  is  to  be  used  are 
of  course  impossible  at  the  gas  holders  of  the 
present  type,  and  such  holders  when  required 
for  the  storage  of  inert  gas,  to  compensate  for 
the  varying  rates  of  consumption,  should  be 
permissible  to  any  capacity  that  may  be  re- 
quired at  or  near  the  point  of  gas  manufac- 
ture, but  there  can  be  no  necessity  for  locating 
such  gas  holders  in  valuable  sections  of 
crowded  cities,  entailing  such  enormous  de- 
preciations of  neighborhood  properties.  Nat- 
ural gas  practice  everywhere  would  seem  to 
completely  upset  any  claim  that  the  gas  holder 
is  a  nuisance  which  is  unavoidable. 


QUARRYING  BY  AIR  AND  BY  ELEC- 
TRICITY 

The  work  of  the  rock  channeler  is  simple 
enough  in  the  essential  idea  of  it — just  cutting 
slits  in  bed-rock  normally  vertically  downward 
and  extending  considerable  lengths  horizonal- 
ly,  but  also  working  at  all  angles,  from  the 
vertical  to  the  horizontal.  The  facility  with 
which  it  does  this  special  line  of  work  has 
made  the  machine  of  the  greatest  importance, 
and  now  it  is  indispensable  to  the  quarryman 
for  getting  out  stone  according  to  require- 
ments, and  to  the  engineer  for  securing 
smooth  sides  to  rock-cut  canals  and  aqueducts. 

Few  of  our  industrial  operations  can  enum- 
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t-ralc  s(i  mans  impnriaiii  ittllatii  al  a(l\  anlaKt's 
rcsultitij;-  uilliout  >t»iiu-  (itrsriiiui;  cttii>i(Kra- 
tioiis.  Xnt  only  is  llu-  I'Kiiuiii  t»l'  cliaiu'c 
I'liniiiiatiil  in  llu-  si/c  and  sliapr  of  stDnrs 
piauliK'od,  so  that  iliry  rc(|uiri'  a  inininiuni  of 
work  for  tlir  nltiinati-  tlri'ssini;  and  tinishing. 
but  at  tlu-  (|nai"r\  llir  waste  to  l)i'  disposed  of 
is  reduced  to  the  snialle^i  possjhle  anionnt. 
antl  the  eoinhtion  {^i  the  hed  is  as  j^ood  as.  or 
hetler  than,  before  for  subse(|uent  operations. 
The  chainieler  beini;  accepted  as  a  neces- 
sary detail  i^i  the  et|uipnn.'nt  of  the  ui)-lo-date 
(piarry.  the  most  ituportant  consideration  in 
connection  with  it  is  as  t(^  the  drixe  of  it.  In 
this  the  channeler  is  not  to  he  considered 
alone,  hut  in  connection  with  the  eiuire  power 
0(|uipinent  and  the  recpiirenieiUs  of  all  the 
apparatus  eiuploxed,  to  which  it  should  he 
able  to  accoiuinodate  itself  without  sacrifice 
of  otficicncx. 

The  first  channelers  were  stcani-operated, 
generally  having  their  cnvn  boilers  and  en- 
abling the  luachines  to  be  located  and  oper- 
ated in  locations  otherwise  not  practicable. 
This,  however,  could  not  long  satisfy  the  de- 
veloping conditions.  The  pushing  habit  of 
electricity  has  brought  it  to  the  quarry  also, 
and  it  has  become  very  desirable  in  many 
cases,  on  account  of  the  out-of-the-way  loca- 
tion of  the  work  or  the  large  water-power 
available  at  a  convenient  distance,  to  employ 
the  electric  current  for  all  power  requirements. 

This  has  hitherto  been  impossible  on  ac- 
count of  the  rock  drills  and  the  channelers. 
which  have  insistently  required  either  steam 
or  air.  The  most  persistent  experimenting 
and  the  most  ingenious  inventing  and  design- 
ing have  not  brought  a  successful  electrically 
driven  rock  drill  in  sight,  and,  the  operating 
conditions  of  the  channeler  as  to  power  ap- 
plication being  identical,  it  has  been  in  the 
same  category. 

Following  only  tradition  and  habit,  with- 
out any  persistent  attempt  at  simplification,  it 
might  easily  have  happened,  and  in  some  cases 
it  did  happen,  that  steam  and  air  and  electric- 
ity were  all  used  in  the  same  plant  for  differ- 
ent details  of  the  work.  If  one  medium  could 
liave  been  employed  for  all  of  the  power  trans- 
mitted instead  of  the  three,  the  presumptive 
economy  and  convenience  should  be  self-evi- 
dent. Of  the  three,  the  one  which  now  most 
strenuously  refuses  to  be  dispensed  with  is 
electricity,  and  in  many  cases  the  sooner  it  is 
adopted  the  better. 


So  tar  as  the  rock  drill  and  tlii-  channeler 
are  conciriied,  they  \\:\\c  i'ntirel\-  ccasi-d  to 
embarrass  one  in  the  employment  of  electricity 
for  dri\in.y.  If  eli-ctric  curreiu  is  the  most 
a\;iilahle.  the  most  economical,  or  in  .any  way 
the  most  (K'sii;d)le  powif  to  hi-  used  in  any 
j:,i\en  case,  and  if  .ill  the  other  .ipp.iratus  can 
properly  be  electric.all\  driven,  then  the  elec- 
tric drive  is  the  best  .also  for  the  drills  and 
ch.mnelers.  The  electric-air  i)rinciple  as  cm- 
ploved  in  both  of  these  adapts  them  perfectly 
to  the  electric  drive,  not  oidy  without  the 
slightest  sacrifice  of  efficiency  or  cfMivcnience, 
but  with  a  very  appreciable  and  demonstrable 
saving  of  i)ower  for  every  unit  employed. 
The  eleclric-air  drive,  so  far  as  the  essential 
operatin.g  principle  of  it  is  concerned,  was  not 
a  gradual  or  stej)-by-step  development.  It  is 
one  of  tliT)se  inventions  which  came  all  at 
oiicc,  bringing  all  its  advantages  with  it,  some 
of  them  only  revealed  by  actual  experience 
after  the  event.  The  saving  of  power  was 
certainly  not  the  first  thing  thought  of  in  the 
first  installations  of  the  electric-air  drill  and 
channeler.  but  none  of  their  advantages  are 
more    pronounced    and    indisputable. 


NEW  BOOK 

Power,  by  Charles  E.  Lucke,  Ph.D.  New 
York  Columbia  University  Press,  324  pages 
7')4  hy  5^   inches,  22s  illustrations,  $1.50  net. 

Although  this  is  a  series  of  "Hewitt"  lec- 
tures delivered  at  Columbia  University,  it  does 
not  pose  as  a  learned  book  and  it  would  seem 
to  be  better  adapted  for  the  general  public 
than  for  the  student.  It  gives  a  very  complete 
and  an  easily  readable  account  of  all  the 
sources  of  mechanical  power  and  of  the  means 
employed  to  make  these  available  for  indus- 
trial purposes,  and  it  is  not  cumbered  with 
mathematics  or  too  minute  details  which  are 
alreadv  sufficientlv  accessible. 


ELECTRIC  ROCK  DRILL  EXPERIENCE 

The  following  occurs  in  a  paper  on  'The 
Tietton  Canal"  by  E.  G.  Hopson,  Transactions 
of  American  Society  of  Civil  Engineers,  March, 
1911. 

The  third  long  tunnel,  the  Trail  Creek  Tun- 
nel, w^as  driven  for  almost  its  entire  length 
through  an  unusually  hard  blue  basalt.  The 
driving  was  effected  at  first  by  electric  drills 
operated  by  three-phase,  6o-cycle,  220-volt  al- 
ternating  current.      As    the    work   progressed, 
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continual  trouble  was  caused  by  breakage  of 
parts  of  these  drills,  the  springs  operating  the 
rebound  being  particularly  susceptible  to  in- 
jury. Duplicate  parts  could  only  be  obtained 
after  much  delay.  In  addition,  there  was  much 
difficulty  on  account  of  labor,  it  being  found 
practically  impossible  to  obtain  drillmen  skilled 
in  the  use  of  electric  drills.  Ordinary  drill- 
men  would  generally  refuse  to  use  the  ap- 
paratus, or,  if  persuaded  to  make  a  trial,  would 
obviously  use  it  in  an  unsympathetic  and  inef- 
fective way.  Careful  study,  however,  of  the 
effectiveness  of  the  electric  drills,  even  when 
skillfully  handled,  showed  that  in  very  hard 
rock'  they  were  uneconomical,  their  penetra- 
tive power  being  low.  Eventually,  Temple- 
Ingersoll  Electric-Air  drills  were  substituted, 
and  the  work  was  completed  with  them.  These 
drills  are  practically  air  drills  driven  by  an 
electrically-operated  air  pump  on  a  small  truck. 
This  apparatus  was  found  to  be  much  more 
effective  than  the  electric  drills  for  which  they 
had  been  substituted,  the  blows  being  much 
more  forcible  and  the  penetration  correspond- 
ingly more  economical.  This  apparatus,  more- 
over, was  found  to  be  far  less  subject  to  in- 
jury than  the  electric  drills. 


AUTOMATIC  CONTROL  OF  ATMOS- 
PHERIC HUMIDITY 

By    Charles   Mandeville. 

Allied  to  the  thermostatic  system  is  that  of 
the  humidistat,  or  the  controlling  of  the  mois- 
ture, which  has  been  widely  applied  in  con- 
nection with  our  most  modern  systems  for 
heating  and  ventilating. 

When  indirect  heating  is  used,  where  air 
is  drawn  over  tempering  coils  and  forced 
through  ducts  to  delivery  points,  the  air  de- 
livered is  often  very  dry,  so  dry  as  to  be  in- 
jurious to  our  lungs. 

Air  at  any  ordinary  temperature  contains 
moisture  in  the  form  of  vapor,  the  amount  de- 
pending upon  thg  temperature  of  the  air,  not 
in  direct  proportion  but  in  increased  propor- 
tion. Water  in  the  air  is  necessary  both  for 
the  growth  of  animal  and  of  vegetable  life. 
The  human  body  is  constantly  giving  off 
moisture  from  the  skin  and  lungs  and  this 
process  is  very  important  to  the  preservation 
of  a  healthy  bodily  condition. 

Now  that  we  have  settled  that  air  which  is 


very  dry  or  that  contains  a  low  percentage  of 
moisture  will  produce  bodily  discomfort  and 
eventually  ill  health,  it  has  remained  for  our 
scientists  to  settle  for  us  that  a  relative  hu- 
midity of  60  or  70  per  cent,  is  about  the  most 
comfortable  for  our  living  rooms.  The  hu- 
midity or  dampness  of  the  air  does  not  depend 
alone  upon  the  quantity  of  aqueous  vapor 
present  but  upon  the  nearness  to  the  satura- 
tion point.  The  moisture  necessary  to  cause 
saturation  increases  rapidly  with  the  tempera- 
ture. Therefore  the  quantity  of  water  that 
would  saturate  the  air  at  a  low  temperature 
would  only  partly  saturate  it  at  a  higher  tem- 
perature. We  say  that  the  air  is  damp  when 
it  is  nearly  saturated  with  vapor. 

Heating  air,  while  the  quantity  of  vapor  re- 
mains unaltered,  removes  it  farther  from  the 
saturation  point  and  diminishes  its  dampness. 
When  damp  air  from  out  doors  passes  through 
tempering  coils  it  becomes  dry  air;  not  be- 
cause it  has  lost  any  of  its  moisture,  but  be- 
cause its  capacity  to  take  up  water  vapor  has 
increased  with  the  rise  in  temperature.  The 
requisite  amount  of  moisture  is  then  much 
greater  and  it  is  necessary  to  add  more  water 
vapor  to  bring  the  rooms  nearer  to  the  satur- 
ation point.  Humidity  is  therefore  expressed 
relatively  as  the  proportion  of  the  water  va- 
por present  to  the  total  amount  required  to 
saturate  air  at  that  temperature  and  pressure. 
If  air  containing  water  vapor  be  gradually 
cooled,  a  temperature  will  at  length  be  reached 
at  which  the  vapor  will  begin  to  condense. 
This  point  is  called  the  dew  point. 

HUMIDISTAT   SYSTEM. 

Ventilating  experts  have  put  an  extra  coil 
of  pipe  in  the  heating  chamber  where  our 
regular  tempering  coils  are,  just  at  the  begin- 
ning of  the  ducts  or  passages  leading  to  the 
rooms  to  be  heated.  This  extra  coil  of  pipe 
is  put  into  a  sheet  iron  pan.  The  pressure 
of  the  steam  used  in  this  extra  coil  is  usually 
somewhat  higher  than  that  used  in  the  tem- 
pering coils  proper ;  it  has  been  found  good 
practice  to  carry  about  20  lb.  pressure  in  or- 
der to  get  the  benefit  of  the  additional  heat 
units  in  the  steam  at  higher  pressure. 

There  is  placed  beside  the  pan  holding  the 
heating  coil  an  ordinary  plumber's  cistern 
fitted  as  usual  with  a  float  valve  or  ball  cock 
and  piped  to  some  water  supply  source.  This 
cistern  is  set  at  such  a  height  as  to  maintain 
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a  constant  Kvol  oi  watc-r,  cnonKli  to  cover  the 
steam  coil  in  tlic  humiclistat  pan.  into  whioli 
it  (lisihargcs  its  water. 

SlMll.AKlTlKS    OF    Jl  l' M  iniSTAT    AND    TIIKRMOSTAT. 

In  the  room  or  (hict  whore  it  is  desired  to 
maintain  a  uiiiforni  hnniidity  of  the  air  the 
huniiiHtat  is  placed.  This  instrument  is  in 
construction  and  action  identical  with  that 
of  the  thermostat  except  that  while  the  small 
expansion  strip  of  the  thermostat  is  made  of 
brass  and  steel,  in  the  huniidistat  it  is  a  piece 
of  wood  of  a  kind  which  is  highly  sensitive  to 
the  action  of  the  moisture  contained  in  the 
air  surrounding  it ;  sugar  maple  is  commonly 
used. 

HYGROMETER. 

In  order  that  we  may  know  what  the  hu- 
midity of  the  air  is,  there  must  be  provided 
an  indicator  or  measuring  instrument  called 
a  hygrometer.  It  consists  of  2  thermometers 
arranged  on  a  board  with  a  scale  or  table  of 
figures  and  lines  between  them.  The  bulb 
of  one  of  the  thermometers  dips  into  a  small 
trough  which  is  kept  filled  with  water.  If  the 
surrounding  air  is  not  saturated,  evaporation 
will  occur  from  the  wet  bulb  and  the  constant 
abstraction  of  heat  will  lower  the  tempera- 
ture below  that  of  the  surroundings.  After 
a  little  time  the  wet  bulb  will  indicate  a  tem- 
perature constantly  below  that  of  the  dry 
bulb  by  an  amount  depending  upon  the  hu- 
midity, since  the  rate  of  evaporation  is  deter- 
mined by  the  amount  of  water  vapor  present 
in  the  air.  The  scale  on  the  board  is  made  to 
show  by  means  of  a  traveling  pointer  or  mov- 
able arm  just  what  humidity  the  thermometer 
readings  show  to  be  existing  at  the  place 
where    the    instrument    is    set. 

There  is  one  feature  to  be  noted  in  con- 
nection with  this  system :  as  heated  air  will 
hold  more  water  than  cooled  air,  if  we  heat 
the  air  supply  and  load  it  up  with  75  or  80 
per  cent,  of  all  the  water  it  will  take,  we  must 
be  careful  to  avoid  lowering  its  temperature, 
either  on  the  way  to  the  point  of  delivery  or 
at  the  delivery  point  itself,  otherw^ise  exces- 
sive condensation  will  occur. 

In  operating  this  system  it  is  necessary  to 
arrange  so  that  the  steam  supply  to  the  hu- 
midistat  coil  is  not  controlled  by  the  automa- 
tic valve  until  the  heated  air  has  been  cir- 
culated for  some  little  time,  say  15  min.,  and 
that  the  steam  supply  is  shut  off  from  the  auto- 


matic valve  before  the  tempered  air  supply 
is  shut  off.  Tiiis  regulation  of  steam  deliv- 
ery is  done  by  a  hand-controlled  valve  placed 
on  the  reduced  ])ressure  steam  pipe  behind 
the  aulomatic  air-controlled  valve  controlled 
by  the  huniidistat.  Notice  here  that  this  is  an 
essential  feature  in  the  operation  of  this  sys- 
tem and  must  especially  be  attended  to  where 
the  heated  air  is  forced  through  ducts  or  pas- 
sages by  mechanical  blowers  or  fans. 

In  connection  with  the  compressed  air  sup- 
ply there  has  been  an  arrangement  made  to 
guard  against  this  danger  of  excessive  hu- 
midity. In  the  ordinary  action  of  the  com- 
pressed air  controlling  valve  in  both  thermo- 
static and  humidistatic  systems,  when  the  air 
goes  on  the  diaphragm  valve  the  valve  shuts. 
In  case  a  pipe  should  break  in  this  system  or 
should  the  compressor  fail  to  keep  up  the  re- 
quired pressure,  the  entire  system  of  control 
valves  should  remain  wide  open.  Now  while 
in  a  system  of  thermostatic  control  of  heating 
alone  this  condition  can  be  tolerated  in  such 
an  emergency,  in  the  case  of  the  humididis- 
tatic  system  there  is  a  difference.  Should  the 
automatically-actuated  steam  supply  valve  to 
the  coil  in  the  moistening  pan  remain  open 
the  water  supply  to  the  pan  is  automatically 
maintained  and  the  steam  coil  would  get  all 
the  water  it  could  boil  and  would  boil  all  it 
could  get.  In  a  short  time  there  would  be 
clouds  of  steam  going  through  the  air  pass- 
ages and  condensing  in  the  rooms  supplied. 

In  order  to  prevent  such  an  accident  there 
has  been  arranged  for  this  system  the  scheme 
of  putting  2  air-controlled  valves  in  the  re- 
duced-pressure steam  line  supplying  the  coils 
in  the  humidistat  pan,  one  valve  being  im- 
mediately behind  the  other.  One  valve  is  so 
connected  that  the  steam  pressure  is  under- 
neath the  valve  seat,  so  that  when  the  air 
supply  is  cut  off  from  the  diaphagm  valve  the 
pressur'^,  of  the  steam  forces  the  valve  open. 
This  i  ;  the  ordinary  action  of  these  valves. 
The  o.her  valve  is  piped  so  that  the  pressure 
comes  on  top  of  the  disk,  when  the  air  pres- 
sure acts  to  hold  it  constantly  open  against 
the  steam  pressure.  The  air  line  to  this  sec- 
ond or  emergency  valve  is  taken  directly  from 
the  main  air  coming  from  the  receiver  and  is 
not  controlled  by  an  instrument,  hence  in  case 
the  main  line  pressure  fails  the  valve  will  be 
shut  by  the  steam  pressure,  aided  by  the 
spring  around  the  valve  stem. 
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NOTES 

The  only  two  foods  which  contain  all  the 
substances  necessary  to  human  life  are  said 
to  be  milk  and  the  yolk  of  eggs.  A  man  can 
live  in  health  on  these  two  foods. 


electric  motor.     The  current  required  to  drive 
the  machine  is  less  than  half  an  ampere. 


The  highest  waves  ever  met  with  in  the 
ocean  are  said  to  be  those  off  the  Cape  of 
Good  Hope.  Under  the  influence  of  a  north- 
westerly gale  they  have  been  known  to  exceed 
40  feet  in  height. 


Demonstrations  that  gasoline  can  be  profit- 
ably extracted  from  natural  gas  have  been 
made  in  Ohio,  West  Virginia  and  Pennsyl- 
vania, where  a  number  of  plants  have  been 
installed.  It  is  reported  that  a  large  plant  is 
soon  to  be  established  in  Kern  county,  Cali- 
fornia, where  it  is  expected  to  handle  4,000,000 
cu.  ft.  of  gas  daily,  and  make  a  yield  of  8,000 
gallons  of  gasoline  per  day. 


A  plant  for  extracting  nitrogen  from  the 
air  electrically  for  use  as  fertilizer  is  in 
course  of  construction  near  Great  Falls,  S. 
D.  The  first  installation  will  have  a  capacity 
of  5,000  horsepower  at  a  pressure  of  6,600 
volts.  If  the  first  installation  proves  a  suc- 
cess additional  equipment  will  be  added  to 
the  plant  later  to  bring  the  capacity  up  to 
25,000  horsepower.  No  details  of  the  pro- 
cess are  available  at  present,  but  it  is  report- 
ed that  the  nitrogen  is  extracted  by  means  of 
large  electrical  furnaces  and  absorbed  by 
means   of   crushed   limestone. 


It  is  said  that  a  height  of  7.5  miles  is  the 
highest  point  at  which  a  recorded  temperature 
was  ever  secured.  This  height  was  reached 
by  a  balloon  sent  up  from  the  meteorological 
laboratory  of  Toronto,  Feb.  3.  When  the  in- 
struments sent  up  with  the  balloon  were  re- 
covered, it  was  shown  that  the  balloon  burst 
at  7.5  miles  and  that  the  temperature  was  90 
degrees  below  zero. 


In  a  new  form  of  milking  machine  just  in- 
vented by  a  Swedish  engineer,  pressure  instead 
of  suction  is  employed,  so  that  the  act  of  milk- 
ing is  similar  to  that  of  the  hand  operation. 
The  device  consists  of  a  set  of  rubber-covered 
plates  which  are  made  to  press  the  teats  by 
means  of  suitable  mechanism  driven  by  a  small 


Discovery  of  oil  at  Carlyle,  Illinois,  has  in- 
creased the  respect  in  which  oil-men  have  held 
the  work  of  the  State  Geological  Survey. 
Leases  were  taken  and  wells  drilled  on  the 
strength  of  the  structure  as  shown  in  Bulletin 
16,  and  a  new  field  brought  in.  Mr.  F.  W. 
DeWolf,  M'r.  R.  S.  Blatchley,  .and  their  associ- 
ates, are  to  be  congratulated  on  this  quick 
proof  of  their  good  work. 


A  cement  for  making  tight  joints  in  pumps, 
pipes,  etc.,  is  made  of  a  mixture  of  15  parts 
slaked  lime,  20  parts  graphite,  and  30  parts 
barium  sulphate.  The  ingredients  are  pow- 
dered, well  mixed  together,  and  stirred  up 
with  15  parts  of  boiled  oil.  A  stiffer  prepara- 
tion can  be  made  by  increasing  the  propor- 
tions of  graphite  and  barium  sulphate  to  30 
and  40  parts  respectivel}^  and  omitting  the 
lime. 


A  borehole  7,347  ft.  deep  was  put  down  at 
Czuchow  in  Silesia  recently.  Temperatue 
measurements  at  different  depths  showed  an 
average  temperature  gradient  of  about  55  ft. 
per  degree  F.,  but  near  the  middle  this  in- 
creased to  31  ft.  per  degree,  while  in  the  lower 
third  the  gradient  was  only  91  ft.  per  degree. 
The  temperature  near  the  bottom  was  182  de- 
grees F, 


In  modern  industries  peculiar  conditions  oc- 
cur involving  Hability  to  fire  where  water  is 
not  only  ineffective,  but  dangerous  as  an  ex- 
tinguisher, and  the  use  of  sand  is  among  the 
substitutes.  The  new  fire  apparatus  of  a  Lon- 
don electric  lighting  station  is  a  truck  holding 
600  pounds  of  sand  and  carrying  a  fiber  .buck- 
et and  a  couple  of  spades.  This  equipment 
is  specially  adapted  for  the  purpose,  and  is  ad- 
vised for  motor  garages,  oil  stoves,  electric 
theatres,  etc. 


On  May  2  compressed  air  was  for  the  first 
time  turned  on  to  the  main  hoist  of  the  Moun- 
tain View  Mine,  Butte,  Montana,  formerly 
driven  by  steam.  The  engine  has  been  re- 
constructed, with  cylinders  of  increased  ca- 
pacity and  other  changes  of  details,  and  of 
course,  as  reported,  "responded  quickly  and 
easily  to  its  power."     It  is  practically  assured 


6ii8 


COMi^RESSED  AIR  MAGAZINE. 


tlial  the  Aiiac».)iula  mines  will  sett)n  be  opcrati'il 
at  a  great  saving  by  the  luw  power  arrange- 
ments. 


The  Trafalgar,  British  battleship,  which  cost 
$4,005,840  to  Ivuikl  and  eqnip  in  1887  was  sold 
at  anction  recently  for  $125,000,  about  3  per 
cent.  The  ricpie,  a  second-class  cruiser  went  to 
a  Dutch  shipbrcaking  company  for  $57,500, 
and  another,  the  Tribune,  brought  $52,500. 


Meteorological  reports  from  European  Rus- 
sia show  that  an  anti-cyclone  of  unprecedented 
intensity  prevailed  over  the  eastern  portion  of 
that  country  on  November  26th  and  27th,  1910. 
At  several  stations  the  barometric  pressure 
(reduced  to  sea  level  and  standard  gravity) 
exceeded  Soo  millimeters  (31.50  inches).  At 
Katharineburg.  at  7  a.  m.,  November  26th,  the 
barometer  (corrected  and  reduced  as  stated 
above)  read  800.7  millimeters  (31.524  inches), 
the  highest  pressure  ever  recorded  at  a  Euro- 
pean  station. 


The  final  ripening  process  in  the  preparation 
of  California  oranges  for  the  market  is  the 
exposure  of  the  fruit  to  steam  vapor,  which 
imparts  the  golden  yellow  color  described  on 
the  labels  by  "sun-kissed"  and  other  appetizing 
terms.  In  fact,  however,  electric  heat  is  em- 
ployed to  a  large  extent  in  producing  this 
steam  vapor,  electric  immersion  coils  in  open 
tanks  of  water  in  the  ripening  rooms  produc- 
ing the  warm  humidity  required  to  give  the 
final  tint  to  the  orange  of  commerce. 


The  president  of  a  manufacturing  company 
in  the  Middle  West  says  he  is  not  satisfied 
with  the  atmospheric  conditions  in  which  we 
are  living,  that  we  need  more  ozone  for  its 
directly  beneficial  results  as  well  as  for  its 
purifying  and  disinfecting  actions,  and  sug- 
gests the  desirability  of  producing  a  commer- 
cial form  of  ozone  generating  apparatus  that 
can  be  placed  on  the  desk  or  bench  of  a  worker 
and  be  coupled  up  and  operated  by  the  elec- 
trical current  of  an  ordinary  light  or  pow-er 
supply. 


President  Kuhn.  of  the  Pittsburg-West- 
moreland Coal  Co.,  has  devised  a  simple 
method  for  lessening  the  dangers  of  explo- 
sions, particularly  dust  explosions,  on  cold 
winter  days,  when  the  danger  from  this  source 


is  greatest.  When  the  temperature  is  low  the 
moisture  in  a  mine  is  (luickly  absorbed  by  the 
ventilating  current  <jn  account  of  the  dryness 
of  the  air,  and  to  overcome  this  feature  Mr. 
Kuhn  has  exhaust  steam  turned  into  the  fan 
houses  at  all  his  mines  following  a  sudden 
drop  of  temperature.  This  keeps  the  air-cur- 
rents moist  and  prevents  the  mines  from  be- 
coming filled  with  dry  dust.  Other  comi)anics 
ill  Western  Pennsylvania  have  adopted  the 
plan. 


LATEST  U.   S.   PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

MAY   2. 

990,830.      AIR-LIFT.      Mike    P.    BisCHOPF    and 

John  W.  Reynolds,  Oilfields,  Cal. 
990,886.     PUMP.     William  J.  Lapworth,  Pitts- 
burg, Kans. 

1.  In  a  pneumatic  pump  Including  a  pump-cyl- 
inder having  a  water  inlet  port,  a  water  discharge 
pipe,  an  air  supply  pipe  and  a  relief  port,  the 
combination  of  a  valve  for  said  water 
inlet  port,  a  valve  for  said  air  supply  pipe  and 
a  valve  for  said  relief  port,  and  means  opera- 
tively  connecting  the  valve  in  the  air  supply  pipe 
with  the  relief  port  valve,  said  means  compris- 
ing a  cylinder  communicating  with  said  dis- 
charge pipe,  a  float  in  said  cylinder  and  con- 
nections between  said  float  and  said  valves, 
whereby  the  movements  of  said  float  will  close 
one  of  said  valves  and  open  the  other,  and  au- 
tomatically operative  means  connected  with  said 
air-supply  pipe  for  admitting  air  directly  to  said 
discharge  pipe. 
990,897.      FLYING-MACHINE.      Abel   T.    New 

BURY,  Vermilion,  Alberta,  Canada. 
990,944.     THROTTLE   CONTROL   FOR  FLUID- 
OPERATED   HAMMERS.      Jacob   F.   Zwikbr, 
Toledo,   Ohio. 
990,948.  AIR-FORCING  APPARATUS.  Charles 

F.  Baker,  Newton,  Mass. 
990,953.       AUTOMATIC     AIR-BRAKE     APPLI- 
ANCE.       Joseph     Sewell     Baxter,     Millsap, 
Tex 
990,976.     ENGINEER'S  VALVE.     Ernest  Gon- 

zenbach,    Greensboro,    N.    C. 
991,040.        PRESSURE-CONTROLLED      OPER- 
ATING     MEANS      FOR      TROLLEY-POLES. 
Ayers    a.    Strange    and    William    Anderson, 
Memphis,    Tenn. 
991,043.     PROCESS   OF   MAKING  ROADWAYS. 
Joseph  E.  Ward,  Longbeach,  Cal. 
1.  The    process    of    making    a    roadway    which 
consists  in  atomizing  oil   in  contact  with  air,  in 
such   manner  that   the  oil   tends   to   remain   sus- 
pended in  the  air  for  an  appreciable  time,  bring- 
ing the  atomized  oil  and  air  into  contact  with  a 
porous    road    surface,    causing    the    oil    to    per- 
meate the  the  porous  road  surface  while  still  in 
atomized    condition,    and    causing    the    atomized 
oil  to  be   deposited  on  the  material  of  the  road 
surface  while  said  material  is  agitated  and  partly 
suspended. 
991,115.      FLYING-MACHINE.      George   S.    Ud- 

STAD,    Aurora,    111. 
991,157.     PROCESS  OF  WASHING  GASES  FOR 
RAPIDLY    FREEING    THEM    FROM    DUST 
OR        SMOKE       HELD       IN        SUSPENSION 
THEREIN.     Paul  Kestner,  Lille,  France. 
991,165.  PNEUMATIC       VEHICLE-SPRING. 

Frank  W.  Mills,  Chicago,  111. 
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991,223.  COMPOSITION  OP  MATTER.  Frank 
Mlekush,   Rankin,   Pa. 

991,230.  OVERBALANCED  FLUID-PRESSURE 
VALVE.     Edward  P.  Noyes,  Winchester,  Mass. 

991,233.  STARTING  DEVICE  FOR  GAS-EN- 
GINES. GusTAV  Bernhard  Petsche,  Phila- 
delphia,  Pa. 

991,440.  FLUID-PRESSURE  RIVETING-MA- 
CHINE. Elmer  Elsworth  Hana,  Evanston, 
111.  ;    Philetus  W.  Gates,  conservator. 

991,459.  GAS-ENVELOP  FOR  AIRSHIPS.  John 
C.  Schleicher,  Mount  Vernon,  N,  Y. 

MAY   9. 
991,493.     MERCURY  VACUUM-PUMP.     Henry 

Albert  Fleuss,   Thatcham,   England. 


991,500.  AIR-BRAKE  SYSTEM.  Frank  Goff, 
Camden,   N.   J. 

991,504.         SHIP'S-TELEGRAPH      RECORDER. 

Edward  A.  Henkle,  Philadelphia,  Pa. 
991,528.     AERIAL  NAVIGATION.     Jack  Lloyd 

Nichols,   Belton,  Tex. 

991,530.  AIR-VALVE.  Charles  E.  Norman, 
Chicago,  111. 

991,538.  FLUID-PRESSURE  BRAKE.  Wal- 
ter Phillips,  London,  England. 

991,547.  DUPLEX  FORCE-FEED  LUBRICA- 
TOR.    Albert  E.   Schad,   Bellefonte,   Pa. 

991,568.  APPARATUS  FOR  COOLING  AND 
DISPENSING  LIQUIDS.  William  H.  Walter, 
Chicago,  111. 
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9!n.r.7J.    AiiM"ii/i'i:ii.    simdn  r.  wkisknstkin, 

SliarpsluiiK:,    I 'a. 
9!n.t;L'(».      AI«:i{(MM..\N10.     John  Huohks.   Hakcr. 
Moiil. 

9<n.t;4i.     i»i;\  in-:  kor  controi.lino  i<'Lr- 

1I>S.         I'lKUt'K     ri.AN'TINCA.     (^IcVcMaiUl.     Olllo. 

9in.(;»7.      AIIMTMI'   COSIOKNOK.      Daniki.    \V. 

KlDINCKK.      I  >rliaMCf.     Ohio. 
991.r.t;7.       IIAM.MIOK-DKILL.       Albkht     II.    Tay- 

LOK,      I"]ast(»ii,      I  "a. 

9!»i.(;st;.     AiTAiiA'i'rs    Fon   ai«:htal   xavi- 

(S.VriON.      .IKAX    .M.    Ai.i.KAS.    l^oston.    Ma.ss. 

991. (•.!•;».     i-'Lrii)-iMii-:ssrKio  I':n(;inio.  (.ikouok 

Cassai>v,   New    Wr.^iiiiin.st.i-.   liritlsh,  Colunil)ia. 
Canada. 
991.7(>!>.  rAIX'I'lXi;      AITAUATITS.         CJkohcj 

llKiNiui'ii        l-'isiMiKK.       Nriistadt-on-thc-Harilt, 

9J»r.71S.'     i'XIOrMATIC   PIANO-ACTION.      Axici- 
(1.    (ii'ijtKANSK.v.    ChicaKo.    111. 

91*1. 77(i.  M1LK-(\\X       ATTACH  IMKXT       1«^()R 

MILKIXCr   AIM'AKA'rrS.      Kzha  10.  CooD,   Wa- 
terloo.  I(.»\va. 
1.   In    a     niilkin.i;'    appai-atns.     (ho    combination 

with   a   can,   of  a    milk   conduit   leading  into   said 


;t!tli. (>:{!•.        KADIATOK     .\  1  R- \' A  I  A'lO. 
(J'Rkikn,    Riitlf.    Mdiil. 

MAY'  h;. 


AllTlIUlt 


:t;tLM»l.       MLAST-XOZZLIO.       I-'HKD    A.    Raiicocic, 

\Vvndm<»oi-.    I'a. 
!t!tLM»7.  TIORMIXAL       I'OR       PNIOIJMATIC- 

•rr  ino     apparatus.       Louis    G.     Baktlett, 

Sumcivillc,    Mas.s. 
DItJ.l.'.C.        WIOLDIXC.-TOItCir.        TlAltKY     BIIOUS- 

.si:ai'.   Xr\v    York.   X.    V. 
itlU'.L'dl.       AIR     IJLOWIXC.    OR    COMPRFCSSING 

APPARA'rrs.     JosKi'ii    10.   Johnson,  Jr.,  A.sh- 

iand.     Wis. 

1.  In  combination,  a.  steam  engine  actuating  a 
positive  compressor,  a  turbine  driven  by  the  en- 
^;ine's  exhaust  and  actual  iiiK'  ;l  centrifugjil  blow- 
er, and  ;l  connection  liom  the  blower's  discharge 
to  the  compressor's  intak*-. 
'jyi'.liH.  lOLlOCTROPXlOPMATIC         BRAKIO. 

Louis  Ai^kuiod  Lauivmcuk,   Paris,   l'"'rance. 
992.223.      PNEUMATIC-DlOSl'ATCir-TUBE    AP- 
PARATUS.     Jamks    G.     Maclaiien,    Harri.son, 

N.  y. 
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can,  an  air  suction  conduit  leading  from  said 
can,  a  by-passage  connecting  said  air  suction 
conduit  to  said  milk  conduit  independently  of 
said  can,  and  a  suction  controlled  valve  mechan- 
ism arranged  to  open  and  close  said  milk  con- 
duit and  by-passage  in  alternate  order  and  to 
hold  said  milk  conduit  closed  at  all  times  when 
said  by-passage  is  open,  substantially  as  des- 
cribed. 

991,801.       FLUID-PRESSURE    BRAKE    APPA- 
RATUS.     Joseph   Reichmann.    Chicago,    111. 
991,842.     WINDMILL.     Albert  F.  George,  Enid, 

Okla. 
991,851.        CONTROLLING   -   BELLOWS      FOR 
PNEUMATIC  MUSICAL  INSTRUMENTS.  Jo- 
seph P.  HuLDER,  New  York,  N.  Y. 
991,902.      AIR-PUMP.      John    Schlosser,    Wil- 
mington,   Del.,    and    Andrew    W.    Christian, 
Philadelphia,    Pa. 
991,932.      AIR    PURIFIER    AND    SEPARATOR. 
David  Bashore  and  John  E.  Shaveland,  Wal- 
la   T\"^alla     T^'^ash. 
991,989.      ATMOSPHERIC    ENGINE.         Anton 
Holm,    Passaic,    N.    J. 


992,238.  AIR-DISTRIBUTER  FOR  PNEUMAT- 
IC MILKING-MACHINES.  Erik  Arvid  Nils- 
SON,    Hornsberg.    Stockholm.    Sweden. 

992,260.  VAPORIZER  AND  SEPARATOR. 
Charles  A.  Rush.   San  Francisco,  Cal. 

992.279.  PRESSURE-OPERATED  GAS  LIGHT- 
ING AND  EXTINGUISHING  APPARATUS. 
Ernest   Sparks,   London.   England. 

992,295.  DRYING  OF  NON-PULVERULENT 
MATERIALS.  Fritz  Tiemann,  Berlin,  Ger- 
many. 

992.320.  APPARATUS  FOR  DRYING  DOUGH 
AND  PASTRY  GOODS.  Otto  Wirz,  Cann- 
statt,   Germany. 

992,364.  VACUUM  CLEANING  APPARATUS. 
James  W.   Leasure.   Bradford,   Pa. 

992,399.  AUTOMATIC  PRESSURE-TORCH.  Ot- 
to Bernz.   Newark.   N.   J. 

992.410.  AERODROME.  Edward  J.  Elsas, 
Kansas  City,   Mo. 

992,456.  HAMMER-DRILL.  Albert  H.  Tay- 
lor Easton,   Pa. 

992,483.  PNEUMATIC  VIBRATION-DIFFUSER. 
Charles  H.  Cox,  Los  Angeles,  Cal. 
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992,5-64.  AIR-BRAKE  SYSTEM.  George  L. 
ICKES,    Newport,    Pa. 

992,634.  AIR-COMPRESSOR.  Harry  E.  Bail- 
ey,   Albany,    N.    Y. 

992,726.  FLYING-MACHINE.  Edwin  Lyman 
Madden,   Ingersoll,    Okla. 

MAY    23. 

992,784.  VALE  FOR  PNEUMATIC-DESPATCH- 
TUBE  APPARATUS.  Isaac  W.  Litchfield, 
Boston,   Mass. 

992,822.  PNEUMATIC-DESPATCH-TUBE-AP- 
PARATUS.     Charles    F.    Stoddard,    Boston, 

TV/To  gg 

992,824.'  VENTILATING  MECHANISM.  Ber- 
nard A.   Stowe,  Cleveland,  Ohio. 

992,829.  PROCESS  OF  DESICCATING  AIR. 
Herbert  T.  Weston,   Cleveland,   Ohio. 

992,847.  DRILL.  Walter  E.  Carr,  Telluride, 
Colo. 

992,849.  FRESH-AIR-INLET-DEVICE.  Jo- 
seph Chalke,  New  York,  N.  Y. 

992,918.  PROCESS  OF  IMPREGNATING 
WOOD.  Charles  Stowell  Smith,  Berkeley, 
Cal. 


within    the    inner    tube,    and   a    second    electrode 
formed  of  a  coil  of  wire,   said  coil  being  wound 
spirally  upon  the  outer  tube. 
993,014.  VALVE-MOTION  FOR  ROCK-DRILLS. 

Lewis    C.    Bayles,    Johannesburg. 
993,017.      APPARATUS    FOR   OBTAINING   NI- 
TROGEN   FROM    AIR.      Charles    Blagrurn, 
San   Francisco,    Cal. 

1.  An  apparatus  for  obtaining  nitrogen  from 
atmospheric  air  consisting  of  a  furnace  of  con- 
siderable area  in  proportion  to  its  height  to  ex- 
pose a  large  body  of  sulfur  to  oxidation  and  so 
concentrated  as  to  compel  the  whole  of  the  air 
supplied  to  said  sulfur  to  flow  into  contact  with 
the  sulfur  in  the  furnace,  means  for  supplying 
sulfur  and  air  at  one  end  of  said  furnace,  a  con- 
duit at  the  other  end  of  said  furnace  for  the  re- 
sulting gases,  means  for  removing  from  said 
gases  the  sublimated  sulfur,  means  for  washing 
from  said  gases  the  sulfurous  acid,  and  means 
for  confining  the  residual  nitrogen,  substantially 
as  described. 

993,038.  CONTROLLING  DEVICE  FOR  PNEU- 
MATICALLY-OPERATED MOTORS.  Thom- 
as Danquard  and  William  J.  Keeley,  New 
York,  N.  Y. 
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2.  The  herein  described  process  of  preserving 
wood  which  consists  in  introducing  the  wood  into 
an  air  tight  cylinder,  subjecting  the  wood  in  said 
cylinder  to  the  action  of  the  bath  of  oil  at  ap- 
proximately 220  degrees  P.  for  a  length  of  time 
sufficient  to  heat  up  the  wood  and  thereby  vapor- 
ize most  of  the  water  contained  in  the  wood,  then 
drawing  off  the  oil  and  applying  an  air  pressure 
of  about  50  pounds  per  square  inch,  introducing 
a  preservative  oil  at  approximately  120  degrees 
F.  and  raising  the  pressure  to  about  157  pounds 
per  square  inch,  for  a  length  of  time  sufficient 
to  insure  the  desired  impregnation,  then  reliev- 
ing the  pressure  and  simultaneously  drawing  off 
the  unabsorbod  oil  and  then  subjecting  the  wood 
to  a  vacuum  for  the  purpose  of  drawing  out  a 
portion  of  the  oil  from  the  cell  cavities. 
992,932.         ENGINE-DRIVEN       COMPRESSOR. 

George  D.  Badger,  Quincv,  Mass. 
992,980.       OZONE-PRODUCING    APPARATUS. 

Octave  Patin,  Paris,  France. 

1.  An  ozone  apparatus  comprising  two  concen- 
trically positioned  tubes  having  an  annular 
space  space  txierebetween,  an  electrode  positioned 


993.053.  SUCTION-PRODUCING  DEVICE.  John 
H.  Goehst  and  John  A.  Dunlap,  Chicago, 
111. 

993,063.  AERODROME.  Robert  Ernkst  Heath, 
Yorkville,   S.   C. 

993,108.  AIRSHIP.  Thomas  Rhoades,  Hanna, 
Utah. 

993,120.  WINDMILL.  Clement  A.  Sterner, 
Allentown,    Pa. 

993.133.  DUST-COLLECTOR  FOR  PNEUMAT- 
IC CLEANING  SYSTEMS.  David  T.  Wil- 
liams, Paterson,  N.  J. 

993,202.  VACUUM-CLEANER  FOR  CARPETS 
AND  THE  LIKE.  John  H.  Russell  and  Al- 
bert A.  Carson,  Ashland,  Ohio. 

993,218.  VALVE-MOTION  FOR  ROCK-DRILLS. 
Lewis  C.  Bayles,   Johannesburg,  Transvaal. 

MAY    30. 

993,343.     DUST-COLLECTOR.     PERCY  D.  Brew- 
ster, East  Orange,  N.  J. 
1.  A   dust  collector  having  a  pipe  adapted  to 

carry   the   air   and   dust,    means   for   introducing 
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water  Into  tlu'  ;ilr  :unl  thist  wlill<    iiiulcr  (lif  i)iir- 

tlal    vncuum.    inraiis    for    prndni-iiiK    tl><-  vjicimuh 

ami   scpanitt'   nicaiis  Mdaptctl    to   icinoN c  i\\v  wa- 
ter Irom  imdt  r  tin-  |iaiti:il  \aciiimi. 

«»i):5.;ir.r..     Ain-roMi'iiiossoK  yon  iisio  with 

ION(;iNI']S.        I-'KANK     JO.      J-'oi-LKTT,     Ottciboln, 

Iiid. 

[\.  'Vhv  I'oiiiliinatlon  t>r  an  t'liKine  cyllntlrr,  a 
hollow  stnd  projt'i't  hiK  fv^nu  tln>  t-nd  wall  tlu-fr- 
of.  an  air  pump  a«lapt*-(l  to  lu*  niovrd  Ioiik'- 
tutiinally  Into  position  on  said  stnd.  means  for 
lockinK  said  eylindrr  in  position  on  the  stnd.  a 
reeiproealory  plnnK:»'r  disposed  within  said  cylinder 
and  plmmer  rod  secured  to  said  plunder  and 
exteniiiuK  tiirouKh  said  stud  into  tlu>  interior  of 
the  engine  cylinder  in  position  to  he  euKa^jed 
and  actuate«l  hy  the  engine  piston  located  there- 
in, suhstantiallv  as  described. 
99;?.4ir>.       l»NKLTMA'ri(T    APPARATUS.      JOSEPH 

SoiiWKUTNKU.    N«'W    York.    N.    Y. 
99;?, 424.         TllRtVrTLlO-VAIA'E       FOR      ROCK- 
DRILLS.      n.\Nii:L  S.   Wai'ch,   Denver,  Colo. 
993,GliS.        I<M01':1)-\VAT1-:R     R10CJUL.ATOR.       Ou- 

BEKT  E.  WiLhiA.MS,  Scrantou,  Pa. 

3.  The    combination    with    the    main    feed    lino 
of  a  boiler,  and  an  inlet  valve  therein,  of  a  fluid 


pump    conununicalinK'    wilii    the    tank    above    the 
lii|ui<l    theiciii    fur    Inducing   a   cuirent   of   air   to 
How  from  the  iillector  Into.tht!  tank. 
993. G4S.       ROTARY     FLUID    OPERATED    AND 

OPJORATlNtJ    DIOVICIO.      Almon    B.    Calkinb, 

I'aHsalc,    N.    J. 

993.(;r.r..  mkans  for  inflating  pneu- 
matic TIRI'JS.  IIAKUY  L.  CousoN,  Dayton, 
Uhlo. 

ti:i:?. (;:.!>.      i'NEUAiatic    wheel,      otto    p. 

DoWNIXO,    I'ecos,    1'ex. 

;t:i:!,t;«»i.      vacuum    CLiOANINO    APPARATUS. 

l''itA.N'«"is   I).    liAitso.v.   Salt  Lake  City,  Utah. 
:»:•:;. )J!i;>.     J'OWJOR-DRILL.     Duncan  Lauen  Mc- 

1"\\KLANK,    Victor,    Colo. 
!»!•:{. 702.        AtJTOMATIC    AIR-COUPLING.        H. 

Stanley  MiM.iort,   John.son   City,  Tenn. 
993,724.      AEROPLANE.      Oliver    G.    Simmons, 

WashinK^ton,    D.    C. 
993,!»2S.       AP1>ARATUS    FOR    FJCEDING    PUL- 

VFRIZFD    FUEL.      JoHN    A.    Welton,    Canal 

])ov(M-,   Oliio. 

1.  The  combination  with  a  fire  box,  of  means 
for  feeding'  comminuted  fuel  thereinto,  compris- 
ing  a  fuel    receptach'.   a   trough   mounted   in   the 
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pressure  device  to  operate  said  valve,  acted  on  by 
fluid  from  a  constantly  flowing  stream,  and 
means  operated  by  changes  of  water  level  in  the 
boiler  to  restrict  such  stream  of  fluid  to  varying 
degrees. 

993,631.  METHOD  OF  MANUFACTURING 
HOLLOW  METAL  RODS,  BARS,  AND  THE 
LIKE.  Arthur  Young  and  Thomas  Row- 
lands, Sheffield,  England. 

1.  The  method  of  removing  a  refractory  core 
from  a  hollow  rod  or  bar  which  consists  in  dis- 
charging a  jet  of  a  gaseous  fluid  under  pressure 
directly  against  the  end  of  said  core,  and  pro- 
gressing said  jet  through  said  rod  or  bar  as  rap- 
idly as  said  core  is  disintegrated  by  the  action 
of  said  jet. 

993,644.  INSECT-DESTROYING  APPARATUS. 
Arthur  Brisbane,  New  York,  N.  Y. 
1.  In  an  apparatus  of  the  character  described, 
the  combination  of  a  tank  having  therein  a  quan- 
tity of  liquid  as  kerosene  or  the  like,  a  remova- 
ble container  located  in  the  liquid,  a  reflector,  a 
pipe  connecting  the  reflector  with  the  tank  above 
the  liquid  therein,  means  for  illuminating  the  re- 
flector, a  suction  pump  and  connections  from  the 


discharge  end  thereof,  and  spaced  at  its  oppo- 
site edges  from  the  walls  thereof,  a  screw  con- 
veyer working  in  the  trough,  a  cylindrical  cas- 
ing mounted  beneath  the  trough  and  the  dis- 
charge end  of  the  receptacle,  a  grinder  and  con- 
veyer mounted-  in  said  casing,  a  pipe  into  which 
the  casing  discharges,  and  a  fluid  pressure  pipe 
leading  to  and  discharging  into  the  fire  box,  the 
said  pipe  being  entered  by  the  fuel  pipe. 
993,967.     SAFETY  OR  BRAKING  DEVIOS  FOR 

APPARATUS  DRIVEN  BY  FLUIDS  UNDER 

PRESSURE.     Joseph  Hubert  Debauche,  Gil- 

ly,  Belgium. 
993,985.       PNEUMATIC     PUMPING-MACH1;NE. 

Charles  Edward  Harker,  Parnassus,  Pa. 
993,989.        VACUUM      SUPPORTING     DEVICE. 

Ross  Hazelrigg,  Oakland,  Cal. 
994,049.      FLUID-PRESSURE    TURBINE.    Karl 

AlQuist,   Rugby,   England. 
994,104.     AIRSHIP.     WiLLLAM  CHARLES  Hurst, 

New   York,    N.    Y. 
13,2  45.       (Reissue).      VACUMM    EVAPORATOR 

OR  HEATER.     Joseph  E.  Dunn,  Philadelphia, 

Pa. 
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PNEUMATIC    HAMMERS     ELECTRIFY 
HOOSAC  TUNNEL 

The  Hoosac  Tunnel  is  the  longest  tunnel 
in  the  United  States,  and  only  within  the 
present  year  have  trains  been  run  through 
it  by  any  other  motive  power  than  steam.  It 
is  now  completely  equipped  with  and  oper- 
ated by  electricity,  and  an  account  of  its  elec- 
trification forms  the  piece  de  resistance  in  a 
recent  issue  of  the  Electric  Railway  Journal. 
The  most  strenuous  part  of  the  work  was,  of 
course,  the  drilling  of  the  holes  and  the  se- 
curing of  the  hangers  and  wires  through  the 
tunnel.  The  following  account  is  reproduced 
from   the    source   indicated. 

The  erection  of  the  hanger  brackets  and 
stringing  of  wires  in  the  tunnel  was  carried 
on  under  the  most  difficult  working  condi- 
tions. Only  one  track  at  a  time  was  given 
up  to  the  contractors  and  trains  were  oper- 
ated constantly  on  the  other  track  at  inter- 
vals as  frequent  as  safety  permitted.  At  all 
times  when  work  was  being  done  in  the  tun- 
nel the  air  was  very  bad,  because  of  the 
smoke  and  gases  from  oil  and  coal-burning 
locomotives  passing  through  on  the  single 
track  in  use.  After  the  passage  of  a  train,  all 
work  had  to  be  suspended  for  ten  to  twenty 
minutes,  sometimes  longer,  to  allow  the  worst 
of  the  smoke  to  clear  out.  It  was  found 
necessary  to  construct  air  compartments  on 
the  train  supplied  with  cleaned  air  from  the 
compressor  car  to  serve  as  refuges  for  the 
men  during  such  periods.  Owing  to  atmos- 
pheric and  traffic  conditions,  the  construction 
force  was  able  to  utilize  less  than  one-half  the 
time  in  actual  work.  These  factors  more  than 
doubled  the  time  that  would  otherwise  have 
been  necessary  for  the  construction  work  in 
the  tunnel.     The  tunnel   is   ventilated   from  a 


central  shaft  1,100  feet  deep,  at  the  top  of 
which  is  a  large  suction  fan  which  draws 
fresh  air  into  the  tunnel  from  both  portals 
and  exhausts  the  smoke  and  gases  up  through 
the  shaft.  With  a  strong  wind  from  the  east 
or  west  the  far  end  of  the  tunnel  is  sometimes 
very  poorly  ventilated. 

CONSTRUCTION    TRAINS. 

The  railroad  furnished  and  equipped  for 
the  contractor  two  special  tunnel  work  trains, 
each  consisting  of  an  oil-burning  locomotive, 
two  locomotive  tenders,  a  boxcar  containing 
an  engine-driven  generator,  a  box  car  contain- 
ing three  blacksmiths'  forges  and  anvils,  an 
air  compressor  car,  thirteen  platform  cars,  a 
coach  fitted  up  as  a  dining  car  and  a  freight 
caboose.  The  platform  cars  were  ordinary 
flat  cars  on  which  were  built  working  plat- 
forms II  ft.  above  the  rail  with  low  sides  to 
prevent  the  workmen  from  falling  off.  Posts 
6  in.  x  4  in.  were  set  in  each  stake  pocket 
and  cross  beams  of  the  same  size  were  framed 
across  to  support  the  2-in.  plank  floor.  The 
car  floors  and  the  working  platforms  were 
made  continuous  throughout  the  tirain  by 
steel  aprons  at  the  ends.  Trap  doors  were 
built  in  each  working  platform  so  that  the 
men  could  reach  the  car  floor  by  ladders. 
A  i^-in.  air  pipe  for  the  compressed  air  sup- 
ply was  run  along  each  side  of  the  working 
platforms  and  globe  valves  were  inserted  at 
frequent  intervals  for  attaching  the  drills.  On 
the  floor  of  every  third  platform  car  a  wooden 
air  lock  14  ft.  x  5  ft.  x  4  ft.  was  built,  into 
which  the  men  could  retreat  during  and  after 
the  passage  of  a  train.  An  air  valve  was 
provided  inside  these  locks  which  when  par- 
tially opened  created  sufficient  pressure  to  keep 
out  the  surrounding  smoke  and  gases  and 
provided  fresh  air  for  the  men  in  the  lock. 
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The  c'(|uipiiHMU  on  each  train  tor  drilling 
tlu"  roof  lu^k's  for  the  hanger  holt^  consisted 
of  seven  il.C.-lJ  Ingcrsoll-Rand  hainnier 
drills  and  several  pneinnatic  hammers  which 
were  used  for  drilling  holes  in  the  side  walls 
for  the  attachment  of  signal  cahle  hrackets. 
in  the  conipi  essor  car,  which  wa^  placed  next 
to  the  locomotive,  was  mounted  a  steam-driven 
class  A-i  compressor  with  a  capacity  (^f  2S5 
cu.  ft.  of  free  air  per  nuiuite.  It  received 
steam  from  the  locomotive  at  cx)  Ih.  pressure 
and  delivered  the  air  at  90  Ih.  pressure  into  a 
receiving  tank  of  77  cu.  ft.  capacity.  A  small 
steam  pumj)  was  used  for  pumping  cooling 
water  ivom  the  tenders  through  the  compres- 
sor jacket  anil  hack  to  the  tenders.  The  compres- 
sor intake  was  carried  down  close  to  the  rails. 
where  the  air  was  purest,  and  was  covered 
with  a  fine-mesh  wire  screen  to  keep  out  as 
nnich  dust  and  dirt  as  posiblc. 

The  generator  was  a  28-kw  direct-current 
machine,  and  was  driven  by  a  marine  engine 
supplied  with  steam  from  the  locomotive.  Tn 
spite  of  the  moisture  and  dirt  in  the  tunnel 
at  all  times  neither  of  the  generators  on  the 
two  trains  failed  in  any  way  during  the  time 
they  were  in  use.  The  trains  were  wired 
throughout  and  six  sockets  for  attaching  five- 
light  reflector  clusters  were  placed  along  the 
railings  of  the  working  platform  on  each 
car.  Strings  of  incandescent  lights  were  also 
run  along  the  sides  of  the  cars  for  general  il- 
lumination of  the  tunnel  walls.  Each  train 
w^as  also  equipped  with  a  system  of  signal 
lights  in  the  caboose,  locomotive  cab  and 
compressor  car  by  means  of  which  the  con- 
ductor could  signal  the  engineman  to  move 
the  train  forward  or  back  and  signal  the  com- 
pressor attendant  to  start  or  stop  the  com- 
pressor. 

The  coach,  which  was  fitted  up  as  a  din- 
ing car,  was  used  to  supply  the  men  with 
hot  coflfee  and  sandwiches  and  to  heat  any 
other  food  the  men  brought  with  them.  In 
order  to  stand  the  effects  of  the  smoke  and 
gases  it  was  found  necessary  to  keep  the  men 
well  supplied  with  food,  and  they  were  allowed 
to  go  back  to  the  dining  car  at  frequent  inter- 
vals to  get  food  or  cofifee.  The  dining  car 
was  fitted  with  an  air  valve  the  same  as  the 
locks  on  the  platform  cars  so  that  the  air 
was  kept  fresh  at  all  times.  A  complete  outfit 
of  surgical  and  first-aid-to-the-injured  sup- 
plies was  kept  in  the  dining  car,  as  also  were 


an  oxygen  tank  and  air  helmet  for  rescuing 
any  one  <.)vercome  by  gas  out  in  the  tunnel. 
These  helmets  were  never  needed,  however, 
although  a  mnnher  of  men  were  overcome 
during    the    coustrnction    work. 

-About  forty  nun  were  employed  on  each 
train.  Iliese  included  a  foreman  in  charge, 
four  suh-foremen,  one  steam  engineer,  one 
electrician,  one  carpenter,  one  cook,  one  black- 
smith and  helper  and  thirty  laborers,  in  addi- 
tion to  the  locomotive  engineer  and  fireman, 
brakeman  and  conductor.  In  spite  of  the 
trying  conditions  under  which  the  men  worked 
not  a  single  man  employed  on  the  tunnel 
trains  quit  work  while  the  construction  was  in 
progress.  The  construction  forces  of  the  con- 
tractor were  directed  by  M.  J.  Daly,  general 
foreman  in  charge  of  the  work. 

CONSTRUCTION     W^ORK     IN    THE    TUNNEL. 

The  construction  work  in  the  tunnel  in- 
cluded the  drilling  of  1,000  holes  2^  in.  in 
diameter  and  18  in.  deep  in  the  roof  of  the 
tunnel  for  the  catenary  hangers;  1,500  holes 
1-^4  i'l-  hi  diameter  and  6  in.  deep  in  the 
sied  walls  for  telephone  and  signal  cable  hang- 
ers ;  drilling  and  blasting  down  the  rock  roof 
of  the  tunnel  in  many  places  to  obtain  the 
necessary  clearances  and  erecting  the  catenary 
and  trolley  wires.  A  preliminary  survey  of 
the  tunnel  was  made  to  determine  the  height 
of  the  roof  at  the  hanger  locations  so  as  to 
prepare  in  advance  the  hanger  rods  of  proper 
length.  This  survey  also  show'ed  that  the 
roof  would  have  to  be  blasted  down  in  many 
places  to  obtain  the  necessary  clearance. 

The  first  work  train  w^as  run  into  the  tun- 
nel on  November  6,  1910,  and  the  second 
was  equipped  and  put  in  use  on  November  29. 
Both  trains  were  stored  in  the  North  Adams 
yard  when  not  in  the  tunnel.  The  work  of 
drilling  the  roof  and  side  wall  holes  was  car- 
ried on  from  both  ends  of  the  tunnel,  with 
the  tw'o  trains  progressing  toward  the  central 
shaft.  It  was  necessary  to  keep  the  two  trains 
on  opposite  sides  of  the  central  ventilating 
shaft  with  the  locomotives  always  coupled  to 
the  ends  of  the  trains  nearest  the  shaft,  so 
that  the  men  on  the  platform  cars  would  not 
be  bothered  by  the  gas  of  either  locomotive. 
One  track  was  given  over  to  the  work  trains 
for  periods  of  from  nine  to  twelve  hours, 
beginning  at  8.30  a.  m. 

The  drilling  of  holes  for  roof  bolts  was 
carried  on  simultaneously  at  five  locations  100 
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ft.  apart  above  each  train.  The  train  was 
spotted  by  manipulating  the  conductor's  valve 
on  the  caboose  and  was  moved  only  as  re- 
quired by  the  progress  of  the  drilling.  The 
time  required  to  drill  each  hole  varied  from 
twenty  minutes  to  four  hours.  Some  of  the 
rock  was  very  hard,  and  at  one  location  65 
drills  were  required  to  drill  three  holes,  each 
18  in.  deep.  'A  large  stock  of  drills  was  car- 
ried on  each  train  and  one  or  two  blacksmiths 
and  helpers  worked  continuously  in  the  forge 
car  sharpening  the  drills  as  they  were  removed 
from  the  machines.  All  holes  required  for 
blasting  down  the  roof  were  drilled  from  the 
work  trains,  but  the  blasting  and  cleaning  up 
was  done  by  the  force  of  miners  regularly  em- 
ployed in  the  tunnel  by  the  railroad  company. 


A  NEW  SUBWAY  AIR-CLEANING 
SYSTEM 

The  Central  London  Railway  is  planning  to 
install  a  new  air  cleaning  system  in  its  tubes, 
and^  each  of  the  14  stations  will  be  equipped 
with  an  air  purifying  plant.  Horace  Field 
Parshall,  chairman  of  the  Central  London 
Railway,  speaking  on  the  subject,  is  reported 
as  follows :  "Our  present  system  of  ventila- 
tion is  an  exhaust  one  and  we  have  large  ex- 
haust fans  at  certain  points.  These  do  not 
give  the  best  results,  since  they  concentrate 
the  foul  air  at  various  places  through  which 
the  public  have  to  pass.  Our  intention  is  to 
put  in  approximately  8,000,000  cu.  ft.  of  fil- 
tered and  purified  air  at  each  of  our  stations 
— 4,000,000  cu.  ft.  for  the  station  itself  and 
4,000,000  cu.  ft.  for  the  tunnels,  so  that  the 
train  in  passing  from  the  station  to  the  tun- 
nel will  enter  a  current  of  purified  air  and 
carry  it  along.  To  obtain  the  ozone  we  shall 
have  recourse  to  apparatus  used  in  connection 
with  our  electrial  plant.  We  shall  take  down 
20-in.  air  pipes  from  the  surface  above  each 
station.  Before  the  air  enters  these  pipes  it 
will  pass  through  filters  which  will  retain  all 
the  smuts  and  absorb  the  deleterious  elements 
which  are  present  in  the  atmosphere  of  Lon- 
don. It  will  then  pass  into  a  mixing  cham- 
ber, where  it  will  be  sterilized  by  means  of  the 
ozone  electrically  generated  in  a  small  cham- 
ber situated  just  above.  Before  the  air  is 
distributed  in  the  station  it  will  be  recharged 
with  ozone  at  the  platform  level  in  a  special 
electrical  apparatus  so  that  the  air  contains 
about  one  part  in  a  million  of  pure  ozone. 


HOELVER   LIQUID  FUEL  BURNER 

This  liquid  fuel  burning  apparatus,  manu- 
factured by  the  Tandem  Smelting  Syndicate, 
Limited,  Merton  Abbey,  London,  S.  W.,  re- 
cently received  a  highly  commendatory  notice 
in  the  Engineer,  London.  The  description 
then  given  is  here  reproduced  in  a  somewhat 
condensed   form. 

This  appliance,  unlike  most  other  devices 
purporting  to  fulfil  similar  duties,  is,  in  the 
strict  sense  of  the  word,  a  burner.  The 
liquid  fuel  is  not  only  atomised,  but  is  raised 
up  to  a  temperature  such  that  the  application 
of  a  light  is  sufficient  to  ignite  it.  In  this 
it  will  be  understood  it  differs  radically  from 
many  so-called  "burners."  These  are  more 
properly  "sprayers,"  which,  while  emitting  the 
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fuel  in  a  finely  divided  state,  require  some 
further  device  to  raise  its  temperature  up  to 
the  ignition  point. 

The  adoption  of  -liquid  fuel  for  firing  steam 
raising  boilers,  while  possessing  undoubted 
advantages  in  many  directions  as  compared 
with  the  use  of  coal,  has  been  considerably 
retarded  by  the  one  great  drawback — the  un- 
pleasant results  produced  by  imperfect  com- 
bustion. With  badly  designed  oil  burning  ap- 
pliances a  thick  deposit  of  caked  carbon  soon 
begins  to  collect  in  the  tubes,  etc.,  and  the 
trouble  experienced  in  the^  removal  of  this 
deposit  frequently  nullifies  all  the  benefits 
otherwise  derivable  from  the  use  of  oil  fuel 
as  a  heating  agent  in  steam  boilers.  In  the 
devices  which  we  refer  to  the  mixture  of  atom- 
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iscil   fiu'I  ;m(l  MtiuosplK-ric  oxygen  is  spraNcd  di- 
roctly    into   ilu-    interior  of   the   boiler    furnace, 
where,    eoniinj^    in    contact    with    the    ah-cady 
heati'd  lire  bricks,  it  is  raised  to  its  flasli-point 
and   ignited.     Satisfactory  running  can   hardly 
he  expected   in  this  case.      The  interior  of  the 
boiler  furnace  is  not  always  in  the  same  con- 
dition, and  its  exact  temperature  is  a  variable 
(luantity  from  minute  to  minute,  so  that  while 
complete   combustion    may   be   attained   at   one 
instant,  the  next   sees  the  conditions  changed, 
the  temperature  of  the  fire-brick  altered,  and 
the   fuel  may  burn  either  with  the  production 
of    smt)ke   or    with    an    oxidising   flame    which 
tpiickly  attacks  the  tubes  and  other  metal  work 
with  which  it  comes  in  contact.     The  -Hovelcr 
burner,   on    the   other   hand,   does   not   project 
a  stream  of  combustible  mixture  into  the  fur- 
nace.    The  actual  combustion  takes  place  out- 
side the  furnace  in  a  separate  ignition  cham- 
ber, and  the  products  of  combustion,  at  a  tem- 
perature  pratically   that   corresponding  to   the 
initial    temperature   produced   by   ignition,   are 
played  into  the  furnace.  Very  little  heat  is  lost, 
and   as   the   external  ignition  chamber  can  be 
kept  in  any  desired  condition  and  at  a  constant 
temperature,  uniformly  complete  combustion  is 
ensured. 

In  Fig.  I  we  show  the  appliance  at  work 
firing  a  metallurgical  furnace.  It  may  be  de- 
scribed as  consisting  of  two  parts — a  spraying 
device  and  an  ignition  chamber.  The  spray- 
ing device  or  atomiser  is  shown  in  section 
in  Fig.  2  and  w^ill  be  described  first.  The  oil 
supply  is  introduced  into  the  apparatus  through 
the  inlet  A.  To  this  it  flows  under  gravity 
from  a  central  tank  raised  a  few  feet  in  level 
above  the  furnace  orifice.  This  tank  in  the 
case  of  the  installation  which  we  inspected  at 
Alerton  Abbey  supplies  in  common  all  the 
burners  throughout  the  works,  and  is  situ- 
ated in  the  outside  yard.  In  cases  where  a 
heavy  viscous  oil  is  to  be  used  the  fuel  supply 
pipe  leading  to  the  inlet  A  is  brought  within 
reach  of  the  heat  of  the  furnace,  so  that  its 
viscosity  is  reduced  and  its  flow^  through  the 
burner  rendered  easy.  Compressed  air  under 
a  pressure  of  from  lo  lb.  to  20  lb.  is  intro- 
duced at  B,  and  this  flowing  along  the  passage 
C  produces  an  ejector  action  at  the  mouth  of 
the  fuel  tube  D.  A  needle  valve  operated 
from  the  milled  nut  E  controls  the  flow  of 
fuel  from  the  tube  D.  the  tip  of  which  is  of 
nickel,  to  reduce  erosion.  The  ejector  action  pro- 


duced ;it  thi^  (iritic,  in  addition  to  sucking  in 
the  fuel,  draws  atmospheric  air  through  the 
series  of  holes  F  in  the  external  casing.  At 
(i  a  second  compressed  air  inlet  is  provided. 
This  is  the  main  air  inlet,  and,  as  a  result  of 
the  construction  adoj)ted  for  the  various  ori- 
fices, the  fuel  leaves  the  sprayer  in  a  very 
finely  atomised  stream,  and  mixed  with  the 
correct  amount  of  air  to  secure  its  complete 
coml)usti(^n. 


FIG.   2. 

Passing  from  the  sprayer  the  mixture  en- 
ters in  an  expanding  conical  stream  into  the 
combustion  chamber.  This  consists  of  a  coni- 
cal iron  casting  lined  with  fire-brick.  The 
interior  diameter  of  the  fire-brick  lining  is  ar- 
ranged to  be  just  sufficient  to  envelope  the 
conical  jet  of  mixture,  leaving  a  margin  of 
about  an  inch  all  round.  At  the  exit  end  of 
the  combustion  chamber  the  orifice  is  con- 
tracted dowm  on  to  the  jet  of  mixture,  so  as  to 
reduce  this  in  diameter.  The  exact  amount 
of  contraction  which  the  jet  should  undergo 
at  this  point  is  a  matter  of  great  importance 
in  the  w^orking  of  the  apparatus,  and  has  been 
experimentally  determined  by  Mr.  H.  F. 
Hoveler,  the  inventor.  From  this  orifice  the 
now  ignited  mixture  passes  in  a  steady  stream 
through  a  circular  hole  in  the  w^all  of  the 
furnace,  the  interior  of  which  has  to  be 
heated.  It  will  be  seen  from  Fig.  i  that  the 
whole  apparatus  is  very  sim.ple.  The  sprayer 
is  carried  on  a  square  rod  projecting  from  a 
boss  on  the  ignition  chamber  casing.  Behind 
the  ignition  chamber  will  be  seen  the  com- 
pressed air  reservoir  with  its  pressure  gauge. 
Flexible  pipes  connect  this  and  the  oil  supply 
with  the  sprayer,  so  that  the  latter  can  be 
readily  removed  for  inspection.  The  whole 
appliance  is  merely  hung  by  chains  or  sup- 
ported in  any  other  suitable  manner  at  the 
proper  level. 

In  addition  to  the  simplicity  of  the  appara- 
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tus,  the  fact  that  practically  any  quality  of 
flame — oxidising,  reducing,  or  neutral — can  be 
obtained  with  it  is  a  point  claimed  by  the 
makers  as  worthy  of  close  attention.  The 
apparatus  is  very  quickly  prepared  for  work, 
and  from  turning  on  the  oil  and  air  supply  to 
the  production  of  the  working  flame  is  a  mat- 
ter only  of  a  few  seconds.  The  quality  of  oil 
is  not  of  much  moment.  From  creosote  to 
heavy  German  tar  oil,  almost  a  solid,  the  ap- 
pliance can  be  readily  adjusted  to  burn  with 
equal  satisfaction.  There  is  no  waste  at  start- 
ing and  stopping,  and,  of  course,  a  separate 
workman  to  attend  to  the  firing  becomes  un- 
necessary. The  makers  inform  us  that  they 
find  that  one  ton  of  oil  used  in  the  Hoveler 
burner  produces  the  same  results  as  two  tons 
of  coal.  The  appliance  is  made  in  different 
sizes  so  as  to  burn  from  one  to  five  tons  of 
oil  in  twenty-four  hours.  The  applications  of 
this  apparatus,  it  is  anticipated,  will  be  numer- 
ous in  view  of  the  fact  that  any  quantity  of 
flame  and  a  very  wide  range  of  temperature 
can  be  obtained  with  it. 


TUNNEL   VENTILATION 

The  Saccardo  system  of  tunnel  ventilation 
in  use  on  the  St.  Gothard  Tunnel  under  the 
Alps  has  recently  been  applied  to  the  Tauern 
Tunnel  in  Austria  with  good  results.  The  sys- 
tem includes  the  use  of  a  blower  fan  connect- 
ing with  a  conduit  outside  one  of  the  en- 
trances. This  conduit  feeds  an  air  chamber 
that  completely  encircles  the  tunnel  just  inside 
the  entrance.  This  chamber  opens  into  the 
tunnel  through  a  ring  of  17  nozzles,  above,  be- 
low and  on  both  sides  of  the  track.  The  cham- 
ber and  conduits  are  of  reinforced  concrete 
with  smooth  surfaces ;  the  nozzles  are  of 
wrought  iron.  Forcing  the  air  through  the 
conduits  and  air  chamber  into  the  tunnel  pro- 
duces a  current  of  air  through  the  tunnel  en- 
trance, and  to  take  advantage  of  that  fact 
blowers  were  installed  that  gave  a  range  of 
velocity  from  9  feet  10  inches  to  19  feet  8 
inches  per  second,  equivalent  to  about  282,530 
cubic  feet  per  minute.  The  results  were  suc- 
cessful not  only  in  supplying  pure  air  to  train- 
men and  trackmen  within  the  tunnel,  but  also 
in  reducing  the  wear  or  rust  on  the  tracks 
caused  by  the  sulphurous  fumes  of  coal  or  oil 
fuel,  and  lessening  the  danger  of  accident. 


BENEFICENT  BEANS 

At  the  Cornell  University  Agricultural  Ex- 
periment Station  it  has  been  shown  by  T. 
L.  Lyon  and  James  A.  Bizzell,  who  have, 
conducted  tests  extending  over  a  number  of 
years  and  now  publish  a  summary  of  results, 
that  in  addition  to  restoring  to  the  soil  a 
quantity  of  nitrogen  compounds,  which  are 
later  available  for  other  crops,  the  growth 
of  legumes  (beans,  peas,  alfalfa,  lucerne,  etc.) 
may  also  furnish  nitrogenous  food  to  other 
plants  while  grDwing  with  them,  and  then 
influence  the  nitrification  of  the  soil  besides. 

In  earlier  experiments  the  yield  of  the 
soil  that  had  borne  one  or  more  crops  of 
legumes  was  compared  with  soil  upon  which 
plants  of  this  family  had  never  been  grown 
before.  In  the  present  experiments  the  two 
kinds  of  plants  were  sown  together.  A  com- 
parison of  the  total  yield  is  shown  in  the 
next  table,  wherein  are  compared  the  pounds 
of  hay  per  acre  when  oats  was  grown  alone 
with  the  yield  of  hay  when  oats  was  grown 
with  peas,  on  two  different  soils  : 

Pounds    of    Hay    per    Acre. 
Oats  alone.  Oats  and  Peas. 

3,750  4,850 

2,900  3,900 

Other  tables  in  the  original  paper  show 
the  total  proteins  per  ton  of  yield  to  be  like- 
wise in  favor  of  the  grain  raised  in  combina- 
tion with  the  legume.  The  increased  protein 
content  of  the  hay  makes  it  of  greater  food 
value. 

On  certain  plots  alfalfa  was  grown  for 
five  years ;  on  others  with  the  same  kinds 
of  soils,  timothy  was  grown  for  five  years. 
At  the  end  of  this  time  there  was  found  a 
larger  percentage  of  nitrates  in  the  alfalfa 
soil  than  in  the  timothy  soil,  as  was  to  have 
been  expected.  But  on  similar  plots  which 
were  kept  bare  for  a  season  after  the  removal 
of  the  plants  the  same  differences  were  ob- 
served. This  suggested  that  nitrification  con- 
tinues after  the  removal  of  the  alfalfa,  and 
actual  experiments  with  samples  of  soils  in 
flasks  showed  that  such  is  really  the  case. 
The  rate  of  nitrification,  or  of  converting 
ammonia  into  nitrates,  is  of  great  importance 
in  agriculture,  since  it  determines  the  amount 
of  nitrate  that  will  be  available  for  the  crop. 
Samples  of  soil  were  tested  for  the  nitrates 
present ;  weighed  quantities  of  ammonium  sul- 
phate were  added  and  the  nitrate  test  repeated 
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after  tiMi  (l;i\>.  In  t'\iM\\  casr  ilu-  soil  thai  had 
horno  alf'alt'a  sh(>ut.<l  j^roator  nitrification  than 
soil  that  hat!  not  honit.'  a  Icj^nniinons  crop. 
At  ihc  end  of  twenty  days  all  of  the  am- 
monia had  heen  nitrilied  in  all  of  the  soils. 
In  other  wonU.  the  rate  of  nitrilication  is 
deciiledly  inllnencetl  by  the  fact  that  alfalfa 
hail  heen  ijrown  (^n  the  soil. 


MOVING  PICTURES  OF  INDUSTRIAL 
OPERATIONS 

The  Scientilic  Manai^enient  exploiter^,  who 
ntnv  are  so  huttoni-holiny  the  public  with 
their  schemes,  would  seem  to  he  in  need  oi  a 
little  scientilic  management  themselves  to 
bring-  them  up-to-date.  Better  than  all  the  talk 
wdnld  be  series  of  moving  pictures  showing 
the  old,  familiar  ways  of  handling  pig  iron 
or  of  laying  bricks  and  then  the  "scientitically" 
managed  wa\  s  (^f  doing  the  same.  The  idea 
h:ts  been  taken  advantage  of  to  show'  the 
Thermit  process  in  operation.  One  of  the 
most  interesting  and  instructive  exhibits  at 
tbe  Atlantic  City  Conventions  of  the  Railway. 
Master  Mechanics  and  Master  Car  Builders 
Associations  was  a  set  of  moving  pictures 
thrown  on  a  daylight  screen  and  showing  all 
the  different  steps  in  welding  a  locomotive 
fr:mie  by  the  Thermit  process. 

A  great  advantage  of  showing  the  welding 
operations  in  this  way  Hes  in  the  fact  that 
only  a  small  portion  of  each  operation  need 
be  thrown  on  the  screen,  so  that  the  entire 
welding  operation  can  be  shown  in  from  ten  to 
fifteen  minutes,  while  if  the  observer  were 
required  to  witness  the  welding  itself,  he 
would  have  to  spend  two  da3's  to  see  exactly 
the  same  things  that  are  shown  by  moving 
pictures  in  fifteen  mintues.  This  advantage 
would  also  apply  to  many  other  industrial 
operations  which  might  be  shown  by  the  mov- 
ing pictures. 

In  taking  the  pictures  an  operator  and  ma- 
chine were  sent  to  one  of  the  railroad  shops 
in  the  vicinity  of  New  York  where  Thefmit 
is  used  very  extensively  and  where  excellent 
results  have  always  been  obtained.  A  pic- 
ture of  the  locomotive  previous  to  welding  was 
taken  outside  of  the  shops  and  a  man  is  seen 
pointing  to  the  location  of  the  fracture.  The 
next  scene  is  inside  the  shops  with  men  :it 
work  drilling  the  fracture  open.  Successive 
steps  show  the  wax  pattern  being  formed,  mold 
box  placed  in  position,  sand  rammed  around 
pattern,  preheating  torch  started,  charging  the 


crucible  with  Thermit,  withdrawing  the  torch, 
plugging  the  preheating  gale,  igniting  Ther- 
mit in  crucible,  tapping  the  Thermit  steel  into 
the  mold,  dismaiuling  the  mold,  trinnning  up 
the  weld,  and  finally  the  weld  is  shown  com- 
I)Kle(l  with  ingine  ready  for  service. 

Of  course,  in  making  these  pictures  all  the 
steps  up  to  pouring  the  weld  were  taken  in 
one  day.  The  weld  was  then  allowed  to  cool 
o\er  night  and  in  the  morning  pictures  were 
taken  showing  the  mold  being  dismantled  and 
welds  being  trimmed  up. 


SAFETY  OF    PINTSCH   GAS 

No  man  can  sa}-  that  any  combustible  gas 
released  in  unconfined  space  cannot  under 
some  conditions  be  ignited.  But  we  can  say 
that  in  the  case  of  this  particular  gas  the 
chances  are  overwhelmingly  against  it.  The 
pressure  under  which  it  is  stored  in  the  tanks 
and  connecting  pipe  lines  is  such  that,  at  a 
break,  it  escapes  wnth  sufficient  velocity  to 
blow  out  a  torch.  This  has  been  proved  by 
test.  At  such  a  break  it  is  possible  to  ignite 
it  only  by  some  such  means  as  a  piece  of  in- 
candescent metal.  Furthermore,  the  combus- 
tible mixture  of  air  and  this  gas  is  within  un- 
usualh^  close  limits.  The  small  amount  of 
this  illuminant  necessarily  carried  in  the 
tanks  of  cars  will,  in  case  of  a  break,  escape 
and  expand  in  the  atmosphere  in  two  or  three 
minutes ;  and  of  that  time  there  is  but  a 
narrow  zone,  only  a  few  seconds,  in  which 
even  a  high  temperature  wmII  ignite  it.  There 
is  no  evidence  of  the  explosion  of  Pintsch 
gas  tanks  in  a  wreck;  and  it  is  obviously  im- 
possible to  have  conclusive  evidence  of  the 
behavior  of  escaping  gas  in  a  wreck.  It 
would  require  an  expert  standing  alongside 
of  the  track  watching  the  train  continuously 
from  the  moment  of  the  derailment  or  col- 
lision. We  have  investigated,  to  the  best  of 
our  ability,  many  of  the  alleged  cases  of 
Pintsch  gas  burning  in  a  wreck,  and  have 
never  found  evidence  to  support  the  allega- 
tions. In  the  Martin's  Creek  wreck  the  pip- 
ing was  broken  in  many  places.  The  tanks 
being  under  the  car.  and  there  being  breaks 
in  the  piping  near  the  tank,  it  is  not  possi- 
ble to  conceive  of  the  gas  escaping  into  a  con- 
fined space ;  so  there  is  every  reason  for  be- 
lieving that  the  gas  was  dissipated  in  the  at- 
mosphere so  quickly  that  it  had  no  part  in 
the    conflagration. — Railway    Age    Gazette. 
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HORSEPOWER  OF    A  FAN  BLOWER 

By  Albert  E.  Guy. 
A  problem  frequently  met  with  is  that  of 
finding  the  horsepower  of  a  fan  blower  when 
the  diameter  of  the  rotor,  width  of  vanes  at 
the  tip,  etc.,  are  known.  This  typical  problem 
may  be  solved  only  when  the  necessary  data 
embodied  in  the  "etc."  are  known ;  otherwise 
it  may  be  readily  shown  that  two  fans,  having 
the  same  inlet  and  outlet  diameters,  the  same 
width  of  blades,  revolving  at  the  same  rate 
of  speed  and  delivering  the  same  volume  of 
fre  air  per  unit  of  time,  may  produce  widely 
differing    pressures.      Thus,    with    the    lower 


impeller  fitted  into  it,  each  set  of  conditions 
being  met  by  a  special  impeller ;  but  to  add  to 
the  difficulties  and  to  render  the  proofs  more 
conclusive,  the  inlet  and  outlet  diameters,  and 
the  width  of  the  vanes,  were  kept  the  same  for 
the  two  impellers.  Fig.  i  shows  the  principal 
dimensions  and  forms  of  the  impellers. 

When  completed,  the  apparatus  was  con- 
nected directly  to  a  steam  turbine  and  the  high- 
pressure  impeller  driven  at  the  specified  speed. 
To  determine  the  capacity  of  the  fan  and  to 
obtain  the  curve  showing  the  relation  of  vol- 
ume to  head,  the  speed  was  kept  constant  while 
the    volume    delivered    was    progressively    in- 


Fic.  1.  Impellers  Used  Showing  Curvature  of  Vanes 


pressure,  the  air  horsepower  would  be  almost 
negligible,  while  with  the  higher  pressure, 
which  might  be  an  extreme  for  the  class  of  fan 
considered  the  air  horsepower,  and  conse- 
quently the  shaft  horsepower  would  be  hiat- 
ters  of  prime  importance.  This  discrepancy  is 
due  simply  to  the  fact  that  in  either  case  the 
vanes,  although  of  the  same  width,  must  be 
designed  to  suit  the  required  conditions  of 
pressure. 

About  two  years  ago  in  order  to  show  the 
direct  applicability  of  centrifugal-pump  formu- 
las to  the  design  of  fan  blowers  and  to  prove 
that  a  complete  line  of  standard  apparatus 
could  be  designed  -without  making  prelimin- 
ary and  special  experiments  for  obtaining  so 
called  coefficients  of  correction,  I  chose  two 
extreme  sets  of  conditions  and  designed  special 
apparatus  to  meet  them. 

It  was  proposed  in  one  case  to  furnish  7,000 
cubic  feet  of  free  air  per  minute  at  a  static 
pressure  of  22  inches  of  water,  and  in  the 
other,  5,250  cubic  feet  of  air  per  minute  at  a 
pressure  of  5  inches  of  water,  the  speed  being 
3,600  revolutions  per  minute  in  both  instances. 
A  spiral  form  of  casing  was  designed,  and  an 


creased  by  changing  the  nozzle  areas  at  the 
end  of  the  discharge  pipe.  The  head  was  re- 
corded simultaneously  with  the  volume  to 
which  it  corresponded.  Various  speeds  above 
and  below  that  specified  were  tried  in  the  same 
way,  the  results  being  shown  by  the  series  of 
curves  given  in  Fig.  2. 

The  steam  and  exhaust  pressures  at  the  tur- 
bine were  recorded  for  each  point  of  the 
curve,  not  for  the  purpose  of  ascertaining  the 
steam  consumption,  but  in  order  that  later  on, 
the  blower  being  disconnected  and  replaced  by 
a  prony  brake,  the  same  steam  and  exhaust 
conditions  could  be  reproduced  at  the  proper 
speed  and  the  corresponding  brake  horsepower 
recorded.  With  the  latter  data  the  efficiency 
of  the  apparatus  was  obtained  and  is  repre- 
sented by  curves  covering  the  useful  range  of 
the  impeller. 

The  low-pressure  impeller  was  tried  next, 
but  on  account  of  the  small  amount  of  power 
required  to  drive  it  and  the  unsuitability  of 
the  turbine  for  the  purpose  of  measuring  that 
power,  it  was  not  possible  to  ascertain  the  effi- 
ciency with  sufficient  accuracy  to  permit  rep- 
resentation  bv  curves,   as   was   done   with   the 
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Fig.  2.    Characteristics  of  the  Two  Impellers  Tested 


first  impeller.  However,  it  was  observed  that 
for  the  point  aimed  at  in  the  design,  the  effi- 
ciency was  not  less  than  6o  per  cent. 

The  curves  A  to  H  in  Fig  2  are  for  the 
high-pressnre  impeller  and  curves,  K,  L,  M 
are  for  the  low-pressure  impeller.  It  is  ap- 
parent that  neither  impeller  was  suitable  for 
the  requirements  of  ordinary  work.  The  usual 
requirements  are  that  a  practically  constant  head 

To  Flfof  Tube. 


Fig.  3.  Device  for  Measuring  Pressure 
IN  Pipe 
be  maintained  for  a  wide  range  of  volume  vari- 
ation. In  the  present  case  such  a  condition 
could  have  been  met  only  by  varying  the  speed, 
and  the  turbine  was  not  well  adapted  for  such 
a  speed  variation. 

However,  a  comparison  of  the  capacities  of 
these  two  fans  is  interesting.  At  3,600  revo- 
lutions per  minute  7.000  cubic  feet  of  free  air 


were  delivered  against  a  head  of  21.8  inches 
of  water  by  the  high-pressure  fan,  while  the 
same  quantity  was  delivered  against  a  head 
of  1.6  inches  of  water  by  the  low-pressure  .fan. 
The  air  horsepowers  were  nearly  proportional 
to  the  heads,  or  in  the  ratio  of  13.6  to  i.  At 
the  same  speed  and  for  a  volume  of  5,250  cubic 
feet  of  free  air  per  minute,  the  brake-horse- 
power ratio  would  be  about  4.5  to  i. 

The  impellers  illustrated  by  Fig.  i  are  not 
recommended  for  practical  work.  The  speed 
of  3,600  revolutions  per  minute  is  too  low  for 
the  high-pressure  impeller,  or,  the  la'ter's  dia- 
meter is  too  small  for  the  speed.  Moreover, 
the  reversed  form  of  vane  is  not  desirable,  as 
it  entails  a  great  frictional  loss,  and  while  it 
is  theoretically  correct  for  turbine  work,  it  is 
not  so  for  pumping  purposes.  The  speed  of 
3,600  revolutions  per  minute  is  far  too  high 
for  the  low-pressure  impeller;  the  vanes  are 
consequently  too  long  and  entail  a  frictional 
loss  out  of  proportion  to  the  head  worked 
against. 

These  two  impellers,  however,  served  to 
demonstrate  the  proposition  as  intended  and 
further  illustrate  the  fact  that  it  is  not  possible 
to  determme  the  horsepower  required  for  a 
given  blower,  when  only  the  diameter,  width 
and  blades  and  the  number  of  revolutions  per 
minute  are  known.  It  is  necessary  to  know 
also  the  inlet  and  outlet  angles  of  the  vanes, 
the  equation   of  their  form,  and  the  equation 
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of  the  areas  of  passage  from  the  inlet  to  the 
outlet  of  the   impeller. 

It  is  true  that  for  a  certain  line  of  stand- 
ard machines  it  is  possible  for  the  manufac- 
turer to  establish  a  set  of  approximate  horse- 
power curves  which  are  very  useful  for  es- 
timating; but  such  information  is  never  given 
to  the  user  of  the  machines. 

When  the  fan  takes  the  air  from  the  at- 
mosphere and  delivers  into  a  duct,  and  par- 
ticularly when  that  duct  or  pipe  is  circular,  it 
is  comparatively  easy  to  measure  the  approxi- 
mate capacity  of  the  apparatus  when  the  air 
handled  is  at  a  moderate  temperature.  The  in- 
strument needed  for  the  operation  is  very 
simple  and  can  be  easily  made.  Fig.  3  repre- 
sents a  combination  of  Pitot  and  pressure  tubes 
connected  to  a  glass  U-tube  containing  water. 
The  end  of  the  assembled  tubes  should  be  in- 
serted into  the  delivery  pipe  as  shown.  A 
straight  part  of  the  pipe  should  be  selected 
where  the  flow  is  not  likely  to  be  disturbed 
by  the  influence  of  bends,  valves,  etc.  The 
gage  should  be  inserted  into  the  pipe  for  about 
one-sixth  the  diameter  and  turned  so  that  the 
open  end  of  the  Pitot  tube  is  against  the  sur- 
rent.  If  the  tube  is  not  so  placed  the  readings 
will  not  be  correct. 

With  the  two  rubber  tubes  in  place  the  dif- 
ference in  the  hights  of  the  columns  of  water 
in  the  U-tube  shows  the  velocity  head  causing 
the  flow  in  the  duct.  Disconnecting  the  Pitot 
tube  from  the  glass  gage  and  measuring  the 
hight  between  the  two  levels,  will  indicate  the 
pressure  head  against  which  the  air  is  de- 
livered. Again  connecting  the  Pitot  tube  and 
disconnecting  the  pressure  tube,  will  show,  by 
the  difference  in  the  hights  of  the  water  col- 
umns, the  total  head  produced  by  the  fan.  This 
total  head  is  composed  of  the  static  head 
measured  by  the  pressure  tube,  plus  the  veloc- 
ity head  shown  when  the  two  tubes  are  used 
together. 

Calling  the  velocity  of  flow  v  feet  per  sec- 
ond, the  velocity  head  h  inches  of  water,  and 
■  the   static  pressure   head  H  inches   of   water, 

""-Sj^^d-Sj    406.7  +  //    - 
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where, 


p=Pressure  in  pounds  per   square  foot ; 
d=Weight,  in  pounds,   of  one  cubic  foot 
of  free  air  at  50  degrees  Fahrenheit 
=0.077884 ; 
4o6.7=Inches   of   water   corresponding  to   at- 
mospheric pressure. 
Knowing  the  inside  diameter  D,  in  inches,  of 
the   delivery   pipe,    the   volume    discharged    in 
cubic   feet  per   second  is 

TT  D^ 

X  ^ 

4   X    144 

But  this  air  is  at  a  pressure  H  and  the  corre- 
sponding volume  of  free  air  per  minute  would 
be 

ttD^  X  vK  60  X  (406.7  -f  H)  _ 
4  X  144  X  406.7 

D^  X  vX  (406.7  4-  H) 
1242 

cubic  feet  per  viinute 

The  horsepower  in  air  delivered  would  be 

Volume  per  minute  X  pressure  per  square  foot 
33.000 

One  cubic  foot  of  water  weighs  62.35 
pounds;  one  inch  of  water  equals 

— '—  =  5.196  pounds  per  square  foot 

Hence, 

Volum^e  per  Tninute  X  5.196  X  H 

33,000  ~" 

Air  horsepower 

or 

...         .  Cubic  feet  per  minute  X  H 

Air  horsepower  = -1 

^  6350 

Substituting  for  the  volume  and  velocity 
their  respective  values: 

Air  horsepower  •=. 

D^  XvXH  X  (406.7  -f  //)  — 
6350*  X  1242 

D^X//x(i32iJ^3^A_)x  (406.7  +  //) 

_D^-H       1/  hX  (406.7  +  //) 
""*  5970 

As  the  efficiency  of  ordinary  blowers  is  about 
50  per  cent.,  multiplying  the  air  horsepower  as 
just    obtained    by    2    gives    approximately    the 
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•^li.ili  lior.scpowtr  iu'cc>s;ir_\  to  run  iIk-  blower. 
While  reading  tlie  gages  the  ."-peed  shouUl  be 
kept  constant,  and  the  time  .^elected  when  the 
riow  oi  air  is  nniforni. 

The  gage  readings  ;nul  i)articularly  that  of 
the  velocity  head  shonld  be  very  close,  for 
which  reason  it  is  preferable  to  nse  a  U-tube 
of  rather  small  diameter. 

The  formnlas  herein  given  are  intended  for 
approximate  work  only.  The  density  of  the  air 
depentls  so  mnch  upon  the  temperature  that 
the  method  would  not  apply  to  hot-blast  work, 
for  instance.  Corrections  should  also  be  made 
for  altitude  and  humidity.  However,  if  the 
proper  constants  were  determined  to  suit  a 
given  installation,  the  formula  as  modified 
would  be  found  very  useful. — American  Ma- 
chinist. 


COAL   DUST    EXPLOSIONS 

The  following,  by  C.  M.  Young,  Asso. 
Prof,  of  Mining  Engineering,  University  of 
Kansas,  controverts  certain  statements  and  de- 
ductions of  an  article  which  had  previously 
appeared  in  Mines  and  Minerals,  and  inci- 
dentally conveys  imformation  upon  the  general 
topic  which  should  be  of  interest  to  many  of 
our  readers. 

The  article  here  criticized  begins  with  a 
quotation  from  a  report  published  by  a  British 
commission  on  coal  dust  in  1894,  which  states 
that  "coal  dust  alone  without  the  presence  of 
any  gas  at  all  may  cause  a  dangerous  explo- 
sion if  ignited  by  a  blownout  shot  or  violent 
inflammation.  To  produce  such  a  result,  how- 
ever, the  conditions  must  be  exceptional  and 
are  only  likely  to  be  produced  on  rare  occa- 
sions." It  will  be  noticed  first  that  this  re- 
port w-as  published  17  years  ago,  before  any 
widespread  attention  had  been  devoted  to  the 
subject  of  dust  explosions  and  that  the  con- 
clusions there  stated  must  of  necessity  have 
been  founded  upon  a  comparatively  small  num- 
ber of  observations.  The  opinion  here  stated 
is  undoubtedly  in  the  main  correct,  as  is 
shown  by  the  fact  that  dust  explosions  occur 
as  rarely  as  they  do.  But  the  writer  of  the 
article  referred  to  bases  on  this  report  and  on 
certain  other  data  the  opinion  that  the  princi- 
pal factor  to  be  considered  in  an  investigation 
of  dust  explosions  is  not  the  coal  dust,  but  ap- 
parently the  air  with  which  it  burns. 

After  a  discussion  of  the  air-currents  pro- 
duced   by    blasting,    the    author    advances    the 


statement  that  a  dust  explosion  can  occur 
c»nly  in  case  the  air  in  which  the  dust  is  sus- 
pended is  subjected  to  mon-  or  less  compres- 
sion, using  the  following  language:  "It  is 
the  presence  and  inlluence  of  this  dynamic 
force  {sic)  that  produces  high  explosive  ef- 
fects and  in  its  absence  the  mere  contact  of 
flame  and  coal  dust  has  proved  comparatively 
harmless.  The  results  of  experiments  and 
laboratory  tests  clearly  and  convincingly  show 
that  explosive  effects  and  the  propagation  of 
an  explosion  can  only  be  produced  by  the 
forcible  injection  of  air  and  dust  into  the 
flame.  Pcckman  and  Peck  could  only  pro- 
duce explosive  effects  by  blowing  the  dust  into 
a  flame  by  means  of  a  bellows,  etc."  The 
work  of  other  experimenters  is  cited  as  show- 
ing that  dust  must  be  suspended  by  com- 
pressed air,  and  the  paragraph  closes  with  a 
reference  to  an  experiment  by  Holtzwart  and 
Meyer,  in  which  an  explosion  was  obtained 
when  the  dust  was  puffed  between  the  termi- 
nals of  an  electric  circuit,  but  not  when  the 
dust  was  shaken  in  the  tube. 

The  data  given  here  are  not  sufficient  for  a 
conclusion  that  the  dust  must  be  suspended  by 
compressed  air  in  order  to  be  explosive.  In 
the  first  place,  as  far  as  I  can  learn,  the  rea- 
son for  using  compressed  air  in  all  cases  ex- 
cept the  last  was  the  simple  fact  that  it  offered 
the  most  convenient  means  of  getting  the 
dust  into  suspension.  That  it  is  not  necessary 
has  been  abundantly  demonstrated. 

A  large  number  of  experiments  along  this 
line  at  the  University  of  Kansas  do  not  sug- 
gest any  such  conclusion.  In  the  earlier  ex- 
periments compressed  air  was  used  simply  be- 
cause it  was  convenient,  but  in  later  experi- 
ments, comprising  by  far  the  larger  number, 
the  dust  was  placed  in  a  box  and  thrown  into 
the  air  by  an  agitator.  In  most  cases  ignition 
was  obtained  by  moving  aside  the  cover  of  the 
box  and  holding  a  naked  flame  at  the  open- 
ing. The  air  was  under  no  pressure  what- 
ever, the  only  object  sought  being  to  sus- 
pend the  dust  in  the  air  in  the  form  of  a 
cloud.  It  was  found  that  the  result  of  the 
experiment  depended  more  upon  the  quantity 
and  condition  of  the  dust  than  upon  any  other 
factors.  Some  dusts  were  inexplosive  in  any 
quantities,  and  others  were  explosive  in  small 
quantities,  others  in  large  quantities,  others 
only  in  the  presence  of  gas.  The  following 
examples  will  illustrate: 
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No.  I.  Drill  dust  from  W.  C.  &  C.  Co.,  No. 
16.    Explosive  limit  2.9  grams. 

No.  2.  Dust  from  haulageway  W.  C  &  C 
Co.,  No.  15.  Inexplosive  alone ;  3  per  cent, 
natural  gas  required  to  make  it  explosive. 

No.  S3-  Dust  from  Monongah  mine  No.  8. 
Explosive  limits  2.1  grams  and  2.8  grams,  de- 
pending on  the  method  of  selecting  the  dust. 

These  experiments  are  selected  from  a  con- 
siderable number  for  the  purpose  of  showing 
that  the  explosive  limit  depends  upon  the  qual- 
ity and  quantity  of  the  dust,  other  things  being 
the   same.     The   statement  quoted  by  the   au- 
thor   that    "Unless    there    is    an    exceptionally 
large    amount   of   dust   in    the    air,    experience 
shows  that  ignition  does  not  take  place  from 
a  naked  fiame,"  is  undoubtedly  correct.     The 
reason,  however,  is  that  unless  the  dust  exists 
in  large  quantities  the  mixture  with  the  air  is 
not   explosive,    but   the    quantity    required    de- 
pends upon  the  character  of  the  dust.     If  the 
dust  contains   large   quantities   of   combustible 
volatile  matter,  relatively  small  quantities  sus- 
pended in  the  air  will  be   explosive,  but  if  it 
contains  little  combustible  volatile  matter  our 
experiments  tend  to  indicate  that  no  quantity 
will   be   explosive.      I    wish   to   emphasize   the 
statement  that  the  conditions  necessary  for  an 
explosion  are  first,  an  explosive  dust;  second, 
the  suspension  of  a  sufficient  quantity  of  it  in 
the    air.      The    author    quotes    experiments    of 
the    Chesterfield    and    Derbyshire    Institute    of 
Engineers   in   which  out  of   134  tests   ignition 
was  obtained  in  36  cases,  and  no  violent  ex- 
plosion was  obtained  even  with  6  per  cent,  of 
gas.     A   horse   pistol   was   used   to   ignite   the 
mixture.     The   conclusion  is   drawn  that   fail- 
ure to  produce  more  explosions  was  due  to  the 
fact  that  the  firing  of  the  pistol  did  not  pro- 
duce  sufficient  compression  of   the   air.     I   do 
not   believe    that    this    conclusion    is    justified. 
The  data  are  not  sufficient.     In  the  first  place 
we  have  no  knowledge  whatever  of  the  quan- 
tity of  dust  suspetided,  and  second,  we  know 
nothing  of   its   quality.     Either    it    must   have 
been  very  small  in  quantity  or  almost  inexplo- 
sive, to  show  absence  of  violent  explosion  in 
the   preseiice   of   6   per   cent,   of   gas,   because 
this  much   gas   alone   is   explosive  under   fav- 
orable   conditions.      I    assume    here    that    gas 
means    methane.      This    statement    that   6   per 
cent,   of   gas    alone   can   be   exploded   is  based 
upon  a  large  number  of  experiments  and  our 
experiments  have  also  demonstrated  that  gas 


and  coal  dust  can  replace  each  other  in  ex- 
plosive mixtures.  The  fact  that  so  few  explo- 
sions were  obtained  in  these  experiments  is 
very  good  proof  that  the  dust  was  nearly  in- 
explosive,  or  was  present  in  small  quantities, 
or  else  that  the  flame  from  the  horse  pistol 
was  insufficient  to  ignite  even  an  explosive 
gas  mixture. 

Farther  on  in  the  article  the  author  ad- 
vances the  idea  that  increase  in  the  density  of 
the  air  due  to  decrease  in  temperature  is  like- 
ly to  be  a  determinmg  factor  in  the  occurrence 
of  explosions.  I  think  it  probable  that  in- 
crease in  density  of  air  may  make  a  dust 
mixture  somewhat  more  explosive,  but  that 
the  effect  due  to  a  natural  change  in  temper- 
ature would  be  very  slight  indeed.  But  the 
author's  reason  for  this  increased  explosive- 
ness  is  at  least  not  well  stated.  He  refers 
it  to  an  increase  in  oxygen  and  a  little  later 
says :  "The  quantity  of  air  rather  than  the 
quality  of  dust  is  really  the  measure  of  the 
magnitude  of  an  explosion."  I  wish  to  take 
issue  with  this  conclusion,  and  I  can  best  give 
my  reasons  for  doing  so  by  making  some  state- 
ments concerning   dust   explosions   in   general. 

An  explosion  of  dust  is  not  a  detonation  but 
a  burning  so  rapid  that  a  violent  expansion  of 
air  and  gases  occurs.  This  expansion  is  due 
partly  to  the  formation  of  gases  and  vapors 
during  the  burning  of  the  coal,  and  partly  to 
the  expansion  of  gases  and  vapors  because  of 
the  increase  of  temperature.  Coal  dust  can 
burn  with  explosive  rapidity  only  when  it  is 
suspended  in  the  air.  Otherwise  the  supply 
of  oxygen  will  be  too  small. 

The  propagation  of  the  combustion  through 
the  mixture  depends  upon  the  quality  and 
quantity  of  the  dust.  In  other  words,  some 
dusts  will  burn  only  in  the  immediate  neigh- 
borhood of  the  igniting  flame,  others  will 
burn  throughout  the  mixture,  and  this  burn- 
ings constitutes  a  dust  explosion.  In  order 
that  a  flame  may  be  propagated  through  any 
mixture  of  a  combustible  substance  with  air, 
it  is  necessary  that  the  combustion  at  the  point 
of  ignition  furnish  sufficient  heat  to  raise  the 
surrounding  particles  to  the  ignition  tempera- 
ture. If  the  dust  furnishes  a  large  amount  of 
heat,  the  combustion  will  be  propagated.  If  it 
does  not,  burning  will  take  place  only  in  the 
immediate  neighborhood  of  the  ignition  agent. 

The  quantity  of  heat  furnished  depends 
upon    the    quality    and    quantity    of    the    dust. 
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riir  (lust  ii\iist  al^i)  Id'  ri-adils  iKmtablc.  and 
it  will  \k'  so  it  it  contains  larjff  quantities  of 
conibnstiblc  \olatilo  matter.  This  volatile 
matter  will  he  tlislilled  hy  heat  and  will  he 
intiinatel\  mixed  with  the  air.  I  he  dillicnlty 
of  i.unitinj4  anthracite  dnst  is  dne  to  the  fact 
that  it  contains  very  little  \'olatile  comhnstihle 
matter.  Therefore,  it  does  not  readily  ex- 
plode. 1  (\o  not  know  whether  it  is  possible 
to  explode  it  i>r  not.  Experiments  at  the  imi- 
versity  lead  to  the  conclusion  that  it  is  not 
possible,  but  I  do  not  wish  to  say  i)ositively 
that    its    explosion    is    impossible. 

The  error  in  the  author's  conclusion  that 
explosiveness  depends  largely  upon  the  quan- 
tity of  air  present,  lies  in  the  fact  that  in 
most  cases  there  is  too  little  dust  present  to 
be  explosive.  In  other  words,  the  air  is 
greatly  in  excess  of  the  required  amount.  The 
dust  present  does  not  furnish  sufficient  heat 
for  sustained  combustion ;  therefore,  there  is 
no  explosion.  It  is  only  when  considerable 
quantities  of  dust  are  suspended  in  the  air 
and  when  this  dust  is  of  readily  combustible 
character  that  an  explosion  occurs. 

One  of  the  gravest  sources  of  danger  lies 
in  the  fact  that  a  deficiency  of  volatile  com- 
bustible matter  in  the  coal  may  be  made  up  by 
the  presence  of  gas  in  the  mine  air.  For  ex- 
ample, in  the  case  of  one  sample  of  dust, 
whose  limit  in  our  apparatus  was  2.^  grams, 
it  was  found  that  .7  gram  of  dust  would  ex- 
plode in  an  atmosphere  containing  3  per  cent, 
of  gas,  .8  gram  in  an  atmosphere  containing 
2  per  cent,  gas  and  1.2  grams  in  an  atmosphere 
containing  i  per  cent,  of  gas.  The  presence 
of  so  little  as  i  per  cent,  of  gas  cut  in  two  the 
quantity  required  for  explosion,  and  2  per 
cent,  of  gas  practically  divided  the  quantity  by 
three.  The  ordinary  means  of  detecting  fire- 
damp will  hardly  show  2  per  cent,  of  gas 
and  probably  most  fire  bosses  will  not  detect 
less  than  3  per  cent.  It  is  readily  seen  then 
that  dust  may  be  a  very  great  source  of  dan- 
ger even  when  it  is  supposed  to  be  harmless. 
I  wish  to  emphasize  in  conclusion  my  beliefs, 
founded  upon  a  large  number  of  experiments, 
that  the  conditions  necessary  for  a  coal-dust 
explosion  are  that  the  dust  shall  be.  of  such 
quality  as  to  be  explosive,  and  that  it  shall 
be  suspended  in  the  air.  Also  that  gas  and 
dust  are  completely  interchangeable  in  explo- 
sive mixtures.  In  other  words.  there 
may      be      a      pure      gas      explosion      or      a 


pure  dust  explosion,  but  1  believe  that 
in  most  cases  ilu-  explosion  is  due  to 
both  (hist  ;ind  ^a^.  because  I  greatly  doubt 
whether  any  coal  mine  is  entirely  free  from 
gas.  The  experiments  referred  to,  and  a  large 
number  of  others,  will  be  given  in  drtail  in  the 
forthcoming  Volume  X  of  the  University  Geo- 
logical Survey  of  Kansas. 

I  wish  in  conclusion  to  very  heartily  com- 
mend what  is  said  by  the  anth(»r  concerning 
the  training  and  education  of  all  persons  con- 
nected with  the  coal-mining  industry.  I  be- 
lieve that  the  only  way  to  prevent  coal  mine 
explosions  and  other  accidents  in  mines  is  to 
thoroughly  educate  all  persons  concerned  with 
the  industry  to  a  real  appreciation  of  all  of  its 
conditions. 


SCIENTIFIC  CONBINATION   OF  KINE- 

MATOGRAPH,  GYROSCOPE  AND 

PNEUNATIC    MOTOR 

In  a  paper  published  in  the  Comptcs  Rendus, 
M.  G.  de  Proszynski  remarks  that  the  scope 
of  the  kinematograph  for  non-artificial  "view — 
in  other  words,  its  scientific  utility — is  at  pres- 
ent very  limited,  owing  to  the  necessity  for 
posing  the  instrument  on  a  very  steady  bases. 
The  tremblings  which  injure  definition  if  the 
instrument  is  not  sufficiently^  steady  fall  un- 
der four  headings:  (i)  Movements  of  trans- 
lation. (2)  Oscillations  around  the  op- 
tic axis.  (3  and  4)  Oscillations  around 
axes  perpendicular  to  the  optic  axis. 
The  effect  of  i  and  2  is  negligible.  To 
obtain  a  sharp  impression  it  is  sufficient  to 
annul  or  reduce  oscillations  3  and  4.  This 
Proszynski  does  by  employing  a  gyroscope 
with  its  axis  parallel  to  the  optic  axis  of  the 
apparatus.  The  requisite  dimensions  and  vel- 
ocity of  the  gyroscope  may  be  calculated  from 
consideration  of  the  admissible  maximum  dis- 
placement of  the  impression  on  the  plate  in 
a  given  time,  and  of  the  forces  due  to  shaking 
of  the  hand  and  weight  of  the  apparatus.  The 
gyroscope,  however,  only  annuls  short,  rapid 
movements,  and  does  little  to  counteract  slow 
movements,  such,  for  example,  as  are  impart- 
ed to  the  apparatus  by  turning  the  handle. 
To  avoid  this  inconvenience  de  Proszynski 
has  constructed  an  automatic  apparatus  com- 
prising a  pneumatic  motor,  which  is  at  once 
light,  powerful,  and  very  small. 
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NEW   REFRIGERATING  PROCESS 

A  new  chemical  refrigeration  process  due 
to  Doctor  Repin,  a  French  chemist,  is  claimed 
to  be  free  from  the  defects  of  the  ammonia 
process,  and  to  be  specially  adapted  for  eco- 
nomical results  in  small  plants.  As  is  well 
known,  in  one  of  the  methods  of  refrigera- 
tion at  present  in  use,  the  cooling  is  effected 
by  the  evaporation  of  liquefied  ammonia. 
The  ammonia  gas  is  recovered  in  water, 
which  absorbs  large  volumes,  and  when  the 
solution  so  formed  is  heated  the  ammonia 
is  expelled  into  a  cooled  receiver  and  lique- 
lied  by  its  own  pressure.  A  serious  difficulty 
is  that  about  25  per  cent,  of  water  is  carried 
with  the  ammonia  from  the  solution.  The 
new  process,  which  is  said  to  be  free  from 
this  trouble,  uses  sulphur  dioxide  as  a  refrig- 
erant and  camphor  as  an  absorbent,  20  per 
cent,  of  naphthol  being  added  to  the  latter 
to  prevent  excessive  foaming  and  melting  of 
the  camphor  on  heating.  The  sulphor  dioxide 
is  easily  liquefied  and  absorbs  much  heat  in 
evaporating,  while  it  is  entirely  disengaged 
in  gaseous  form  from  the  camphor  solution 
at  a  temperature  below  the  boiling  point  of 
water. — The  Engineer. 


The  air  receivers  usually  provided  with  com- 
pressed air  installations  are  not  of  much  account 
so  far  as  air  storage  is  concerned.  Where  much 
larger  receiver  or  storage  capacity  can  be  pro- 
vided at  little  expense  it  is  well  to  do  so. 
Old  boilers  and  tanks  not  otherwise  used  can 
be  connected  into  the  system  with  advantage. 
At  the  Eagle-Shawmut  mine  a  whole  bat- 
tery of  boilers  is  now  put  to  this  use.  At 
the  Utica  mine  the  manager,  F.  J.  Martin, 
has  an  unusually  large  amount  of  air  stored 
in  the  mine.  This  he  accomplished  by  the 
simple  means  of  bulkheading  an  old  drift 
with  concrete  stoppings,  and  storing  the  air 
in  it.  The  drift  is  125  ft.  long  and  of  the 
usual  cross-section.  Being  in  solid  rock,  there 
has  been  no  trouble  from  leakage. 


PNEUMATIC  TRACK  SCRAPERS 

The  Boston  Elevated  Railway  has  recently 
applied  to  100  cars  the  Root  pneumatic  track 
scraper  shown  in  the  accompanying  halftone 
and  drawing.  The  two  most  important  fea- 
tures of  this  air-operated  scraper  are  that  it 
eliminates  an  $xtra  wheel  and  staff  from. the 
platform  and  that  it  cannot  fall  at  either  end 


UNDER    THE  CAR. 

of  the  car  when  it  is  not  in  service.  The 
scraper  can  be  adjusted  for  any  desirable  pres- 
sure. It  operates  instantly  when  the  motor- 
man  turns  on  the  three-way  air  valve  which 
is  located  on  the  platform.  When  the  air  is 
released,  the  spring  inside  the  air  cylinder 
pulls  the  scraper  out  of  the  way.     This  type 


SC  R/PiR  LIFTER. 

of  scraper  was  especially  designed  for  the 
new  Boston  cars  in  order  to  avoid  the  use 
of  windlass  rods.  With  the  exception  of  the 
pipe  from  the  air  cylinder  to  the  three-way 
valve,  the  complete  scraper  equipment  was 
furnished  by  the  Root  Spring  Scraper  Com- 
pany, Kalamazoo,  Mich. — Electric  Raihcay 
Journal. 


According  to  a  press  report  the  nitrogen 
works  at  Trostberg,  Bavaria,  were  recently 
destroyed  by*  an  explosion.  At  this  plant,  in 
which  American  capital  was  invested,  nitro- 
gen was  recovered  from  the  atmosphere  by 
the  electric  arc. 
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AVIATION    AIR   SICKNESS 

Not  onl_\  arc  ihc  workers  in  air  uiulcr  in- 
creased pressure  subject  to  special  physical 
derangements,  but  it  seems  that  those  also 
who  get  to  great  altitudes,  either  by  climbing 
mt>untains  or  in  Hying  machines,  have  also 
thoir  troubles  sutliciently  serious  to  call  the 
aid  of  the  physician.  In  the  case  of  the 
aviati>r  other  conditions  besides  the  levity  of 
the  air  combine  to  produce  "air  sickness." 
In  this  connection  two  physicians  of  France, 
Dr.  Rene  Cruchet  and  Dr.  Moulineir,  have 
recently  presented  to  the  Academic  des  Sci- 
ences an  interesting  report  of  experiments 
and  inquiries  conducted  by  them. 

Air-sickness  does  not  seriously  affect  those 
who  fly  at  moderate  heights,  but  reserves  its 
terrors  for  the  daring  aviator  who  seeks  to 
reach  exceptionally  high  altitudes,  and  while 
the  mountain  climber  and  the  high-flying  avi- 
ator would  seem  to  work  under  similar  con- 
ditions there  are  two  specific  additional  fac- 
tors  which   apply  only  to   the   latter. 

In  the  first  place,  flight  in  a  heavier-than- 
air  machine  necessitates  a  continuous,  con- 
cntrated,  physical  and  mental  effort,  and  this 
under  conditions  which  render  the  slightest 
relaxation  of  grave  peril  to  life  and  limb, 
thus  producing  an  exalted  state  of  nervous 
tension.  Then  there  is  the  extreme  rapidity 
with  which  physical  conditions  are  changed, 
and  the  corresponding  inability  of  physiologi- 
cal conditions  to  adjust  themselves  in  time 
to  avoid  violent  disturbances,  this  factor  be- 
ing considered  the  most  significant  in  the  pro- 
duction of  the  specific  symptoms  of  air-sick- 
ness. 

In  general,  high  flights  have  a  duration  of 
45  minutes  at  most.  An  altitude  of  from 
7.000  to  10,000  feet  is  reached  in  from  30  to 
40  minutes,  and  the  descent  is  of  course  even 
more  rapid,  occupying  usually  from  5  to  7 
minutes.  Biplanes  are  somewhat  slower  of 
ascent  than  monoplanes,  but,  on  the  other 
hand,  they  require  more  labor  from  the  pilot. 
Thus  we  have  conditions  in  all  altitude  flights 
of  rather  rapid  ascent  and  vertiginous  de- 
scent, these  conditions  affecting  the  character 
of  the  biological  action. 

During  ascent  the  respiration  becomes 
quicker  at  about  5,000  feet,  and  the  heart 
beats  faster,  but  usually  without  palpitation. 
Nausea  and  the  sense  of  inflation  of  the 
stomach    experienced    by    mountain    climbers 


are  usually  absent,  but  there  is  a  slight  feel- 
ing of  "malaise"  or  discomfort,  whieh  Mor- 
ane  attributed  partly  to  the  overpowering 
sense  of  intense  solitude.  The  bu/.zing  of 
the  ears  was  not  noted  by  Moranc  until  near- 
ly 6,0oo  feet  of  elevation,  but  novices  observed 
it  at  about  1,200  feet,  and  even  the  former  is 
considerably  lower  than  the  height  at  which 
mountain  climbers  are  affected. 

Morane  states  that  the  sight  is  always  clear. 
"What  makes  it  seem  not  so,"  he  says,  "is 
the  great  rapidity  with  which  objects  dimin- 
ish and  recede."  He  remarks,  moreover,  that 
when  the  day  is  fine  but  with  a  slight  mist, 
the  sun  is  reflected  from  the  surface  of  the 
fog  as  in  a  mirror,  so  as  to  dazzle  the  avia- 
tor. This  phenomenon  is  especially  annoy- 
ing where  there  are  eddies  of  air,  and  may 
seriously  interfere  with  steering  the  machine. 
Even  skill  aviators  suffer  from  a  slight 
headache  encircling  the  temples  at  about 
5,000  feet,  while  novices  feel  it  sooner.  Cold 
becomes  painful  at  about  7,000  feet.  Above 
5,000  feet,  or  even  lower,  the  volumtary  mo- 
tions tend  to  become  more  nervous  and  jerky 
and  the  reflex  motions  have  more  amplitude. 
These  motor  modifications  are  easily  ex- 
plained by  the  combined  effect  of  the  cold, 
the  quicker  heart  beat,  the  slight  shortness  of 
breath,  the  ear  troubles,  the  reflection  of  the 
sun,  and  the  nervous  tension  and  fatigue. 

In  descent  the  heart  beats  more  strongly, 
but  the  palpitations  which  are  soon  felt  aug- 
ment according  to  the  precipitousness  of  the 
descent.  The  rapid  fall — over  a  thousand  feet 
per  minute — causes  that  peculiar  feeling  of 
emptiness  experienced  in  a  too  swiftly  de- 
scending elevator.  There  is  a  buzzing  of  the 
ears  toward  the  end,  and  this  may  increase 
in  intensity  at  the  end  of  the  flight. 

But  the  phenomena  which  are  dominant 
and  augmented  as  the  ground  draws  near  are 
the  redness  of  the  face  with  a  sensation  of 
heat  and  pain,  the  smarting  of  the  eyes,  mois- 
ture of  the  nostrils,  headache,  and  overwhelm- 
ing fatigue,  with  actual  drowiness.  This 
sleepiness  is  a  very  marked  feature,  and  in 
itself  indicates  the  enormous  strain  to  which 
the  aeroplanist  has  been  subjected,  and  the 
resultant  fatigue  of  nerve-centers.  It  is  so 
great  that  the  eyes  close  of  themselves  from 
moment  to  moment,  in  spite  of  the  strongest 
desire,  to  keep  them  open.  In  one  case  a 
sep.rching  party  was  sent  out  for  a  \oung  avi- 


COMPRESSED  AIR  MAGAZINE. 


6137 


ator  who  had  failed  to  return,  and  found  him 
seated  in  his  machine  in  the  open  country 
sound  asleep !  When  waked  he  found  it  im- 
possible to  remember  how  he  had  arrived 
at  the  place  where  found. 

On  landing  the  motions  are  slow,  lazy  and 
awkward,  in  contrast  to  the  native  subject. 
Respiration  tends  to  become  normal  very  soon, 
but  the  headache  and  sleepiness  may  last 
several  hours,  as  does  the  disturbance  of  the 
circulation.  The  latter  is  marked  by  hyper- 
tension of  the  arteries,  with  cyanosis  of  the 
extremities,  and  blueness  of  the  fingers.  This 
augmentation  of  pressure  in  the  arteries  is 
confined  to  those  who  descend  from  great 
heights;  it  is  somewhat  less  marked  when 
there  is  excessive  fatigue,  but  in  this  case 
palpitation  of  the  heart  and  rapid  pulse  are 
noted.  This  condition  might  be  dangerous 
when  the  subject  had  heavy  brain  work*  to 
do. 

Besides  the  changes  from  the  normal  ad- 
justments of  the  body  which  can  be  recog- 
nized and  described  the  aviator  also  experi- 
ences curious  intellectual  and  mental  affec- 
tions. Morane  spoke  of  a  sort  of  "anguish" 
caused  in  part  by  the  feeling  of  intense  soli- 
tude. Another  man,  noted  for  his  sang-froid 
and  his  virile  energy,  said  that  in  the  down- 
ward flight  feelings  of  wretchedness  and  mo- 
mentary fear  assail  one,  and  the  thought  of  a 
dreadful  death  presents  itself,  which  is  the 
more  terrible  because  of  the  semi-torpor  of 
mind  and  body. 

This  mental  and  physical  lethargy  is  spoken 
of  by  various  aviators  as  preventing  their 
performing  as  rapidly  as  is  necessary  the  re- 
quired mechanical  acts,  and  many  accidents 
may  be  due  to  the  mental  state.  Renaux  con- 
fessed that  he  was  haunted  by  the  thought  of 
Chavez  achieving  an  immortal  victory  with 
a  frightful  death.  In  crossing  the  Alps 
Chavez  rose  very  swiftly  to  a  great  altitude, 
from  which  he  descended  in  a  long,  rapid 
glide.  The  quick  checking  of  this  glide  by  a 
sudden  pull  on  the  control  wheel  is  thought 
to  have  thrown  such  a  strain  on  the  wings 
that  one  of  them  broke  off,  and  it  is  highly 
probable,  says  the  Scientific  American,  that 
his  mistake  was  due  to  the  condition  he  was 
in.  There  may  even  have  been  some  mental 
confusion  or  hallucination.  One  aviator  has, 
in  fact,  made  the  remarkable  statement  that 
he  constantlv  had   a  vision   of   the   towers   of 


the  cathedral  of  Notre  Dame,  as  if  they  were 
close  at  hand,  though  he  knew  them  to  be 
hundreds  of  miles  away. 

We  thus  learn  and  are  warned  by  the  fact 
that  there  are  limits  to  the  adapability,  and 
especially  to  the  possible  speed  of  adjust- 
ment of  the  human  machine  as  well  as  to 
those  of  the  aeroplane  itself. 


^Ho»e  to  connect 
to  Air  HoiaV 


SWIVEL   JOINT    FOR  AIR   PIPE 

The  sketch  here  reproduced  from  the  Anier- 
ican  Machinist  shows  a  revolving  joint  de- 
signed by  a  correspondent  for  connecting  to 
one  or  more  air  hoists  on  a  continuous  cir- 
cular track.  Though  here  shown  horizontal  it 
will  be  understood  that  its  normal  position  is 
vertical ;  otherwise  the  sketch  seems  to  be  fully 
and  clearly  self-explanatory.  Several  of  these 
joints  were  made,  this  one  for  two  hoists  and 
others  for  four.  The  air  pressure  used  was  80 
lb.,  gage. 


THE  STORY  OF  A  GRAIN  OF  IRON 

James  Gayley,  the  inventor  of  the  Gayley 
process  of  air  refrigeration  and  dehydration 
for  blast  furnaces,  has  recently  published  a 
unique  booklet  with  the  above  title. 

Little  Grain  and  Oxygen,  who  are  the  hero 
and  heroine,  "lived  deep  down  in  the  dark- 
ness of  the  earth  surrounded  by  rich,  warm 
Jasper  between  two  immense  strata  of  Rock." 
The  reader  is  told  how  they  were  separated 
by  the  machinations  of  the  Earth  Gods,  who 
used  Coal  to  accomplish  that  end.  The  trans- 
portation of  ore  and  coal  and  the  operations 
of  the  blast  furnace  and  the  converter  are 
dealt  with  in  the  language  of  fancy,  Little 
Grain  finally  coming  to  rest  in  a  steel  rail. 
The  denouement  is  the  reuniting  of  Little 
Grain  and  Oxygen  by  the  help  of  Water,  in 
accord  with  the  inexorable  law  of  the  iron 
people.  The  conceit  is  most  ingeniously  work- 
ed out  in  a  way  that  gives  a  new  light  on  the 
imaginative  possibilities  of  metallurgical  sci- 
ence. 
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THE  COMPLEX    PROBLEM   OF  THE 
FLYING   MACHINE 

(W'c  i)ri«>cni  luif  tlu-  most  essential  portions 
of  a  paper  by  Mr  James  S.  Stephens,  present- 
ed at  the  meeting.  April  5,  loii.  of  the  West- 
ern Society  of  I'.ngineers.  Tlu'  readinfs^  of  the 
paper  pro\t.l<eil  an  uini^nally  extended  dis- 
cnssion,  some  ot  the  speakers  refnsing  to  ac- 
cept the  assumptions  of  the  writer.  It  must  he 
conceded  that  the  day  is  not  yet  for  the  fix- 
ing of  absolute  principles  as  t(»  anMhini;  per- 
taining to  aviation  practice.] 

l-.ach  of  the  aviation  accidents  wliich  have 
occurred  has  had  some  specific  cause,  and 
numerous  explanations  and  theories  have  been 
offered  to  account  for  them.  Unfortunately  the 
man  who  would  have  best  been  able  to  offer  a 
satisfactory  solution  has  in  ])ractically  every 
case  lost  his  life. 

Theories  have  been  advanced  by  some  of  the 
aviators  blaming  the  so-called  .ViiW^'  cheese  sky 
and  holes  in  the  air  for  many  of  these  acci- 
dents. 

It  is  generally  admitted  that  there  are  many 
varying  currents  in  the  air.  and  that  these 
changes  of  speed  and  direction  in  the  motion 
of  the  air  are  undoubtedly  greater  near  the 
surface  of  the  earth  than  they  are  higher  up, 
and  while  some  of  the  difficulties  of  flying  are 
chargeable  to  this  cause,  it  has,  the  writer  be- 
lieves, been  blamed  for  a  great  deal  more  than 
it  is  accountable  for.  Such  variations  as  do 
occur  in  the  trend  of  the  wind  or  air  current 
are  not  sufficiently  abrupt  to  make  flying  extra 
hazardous  from  that  cause  alone. 

Once  a  machine  is  off  the  ground,  it  w^ould 
be  immaterial  whether  the  wind  was  blowing 
steadily  in  one  direction  one  mile  or  one  hun- 
dred miles  an  hour,  if  it  were  not  for  the  fact 
that  it  is  necessary  to  give  due  consideration 
to  the  laws  of  inertia,  acceleration,  retardation, 
momentum,  centrifugal  force  and  gravity  in 
their  proper  relation  to  the  speed  of  the  ma- 
chine, both  relative  to  the  air  and  relative  to 
the  earth. 

In  still  air  a  flying  machine,  in  maneuvering 
in  a  horizontal  plane,  would  have  to  accommo- 
date itself  to  practically  the  same  conditions 
as  a  vehicle  on  the  ground.  In  starting  up, 
increasing  or  decreasing  the  speed,  the  inertia 
of  the  weight  of  the  machine  must  be  over- 
come, thus  introducing  the  elements  of  time 
and  power.  In  turning,  some  positive  resist- 
ance,  such   as   banking  the   machine,   must   be 


depended    upon    to    counteract    the   centrifugal 
or  tangential  forces. 

.Ml  of  the  men  who  have  Mown  these  ma- 
chines lia\e  learned  to  do  so  in  comparatively 
still  air.  and  have  been  thoroughly  familiar 
with  the  conditional  requirements  just  referred 
to,  as  a  result  of  their  experience  with  vehicles 
running  on  the  ground. 

l-'lying  in  a  wind,  the  writer  believes,  intro- 
duces the  effect  of  some  of  Nature's  laws  in 
a  wa\  that  up  to  the  present  time  has  not 
been  fully  appreciated,  and  therefore  has  not 
had  the  consideration  which  is  due. 

To  illustrate,  imagine  a  machine  flying  at  the 
rate  of  40  miles  an  hour,  which  is  in  round 
numbers  60  ft.  per  second,  directly  against  a 
wind  blowing  at  the  same  .speed.  While  such 
a  machine  would  maintain  itself  in  the  air 
just  as  surely  and  safely  as  if  it  were  flying  on 
a  calm  day  and  covering  a  distance  of  40  miles 
an  hour  as  measured  on  the  earth's  surface,  it 
would  in  fact  actually  be  standing  still,  in 
so  far  as  ils  relative  position  to  the  earth  is 
concerned,  and  the  entire  output  of  its  engine 
would  be  expended  in  supporting  it  against  the 
action  of  gravity  and  in  preventing  it  from 
drifting  backward  in  the  wind. 

Now  consider  what  w^ould  happen  if  the  40- 
mile  wind  could  be  suddenly  stopped.  The  ma- 
chine, having  no  initial  velocity  or  momentum, 
could  get  no  support  from  the  air  until  it 
could  acquire  a  sufficiently  high  relative  vel- 
ocity. This,  on  account  of  inertia,  and  the 
limited  power  available,  requires  time,  and 
during  such  time-interval,  the  machine  must 
fall.  While  the  abrupt  stopping  of  a  40-mile 
wind  is  not  possible,  a  somewhat  analogous 
condition  may  be  brought  about  by  an  abrupt 
turning  of  the  machine  when  it  is  stationary 
relative  to  the  earth  through  flying  against  a 
high  wind  as  above  mentioned. 

Under  the  most  favorable  conditions,  it 
would  take  considerable  time  to  bring  a  ma- 
chine weighing  about  1,200  lb.  from  a  standing 
position  up  to  a  speed  of  60  ft.  per  second, 
or  double  this  speed,  as  the  writer  will  en- 
deavor to  show  may  be  necessary  under  certain 
practical  conditions. 

The  following  is  quoted  from  Aircraft,  the 
December,  1910,  issue,  describing  the  flight  of 
Johnstone  and  Hoxsey  at  the  Belmont  Park 
International  Aviation  Meet,  both  of  whom 
have  since  lost  their  lives  as  martyrs  to  the 
cause  of  progress.    "They  faced  the  wind  com- 


COMPRESSED  AIR  MAGAZINE. 


6139 


ing  in  from  the  ocean,  and  as  they  went  higher 
their  speed  in  relation  to  the  ground  rapidly 
diminished  as  that  of  the  air  they  were  meet- 
ing became  greater.  Soon  they  appeared  to 
be  standing  still,  the  velocity  of  the  wind  being 
just  even  to  theirs  (about  38  miles),  and  then, 
as  they  went  higher,  they  started  to  lose  ground 
and  the  higher  they  went  the  faster  they  went 
backwards.  Close  together  they  appeared  like 
two  great  kites  on  a  string — a  string  being 
slowly  paid  out." 

How  great  a  wind  Johnstone  faced  at  his 
maximum  altitude  of  8,500  ft.  no  one  can  say, 
but  with  his  machine  going  close  on  to  40 
miles  an  hour,  he  was  blown  backwards  some 
40  miles  in  the  course  of  less  than  two  hours, 
and  75  miles  an  hour  is  not  an  exaggerated  es- 
timate of  the  maximum  velocity  of  the  wind 
met  by  him. 

Brookins,  Johnstone  and  Hoxsey,  on  Wright 
machines,  have  made  complete  circles  in  the 
air  in  about  six  seconds.  Let  us  suppose  one 
of  them  had  undertaken  to  make  such  a  turn 
when  flying  against  a  head  wind ;  a  quarter  of 
a  turn  would  be  made  in  less  than  two  seconds 
with  the  result  that,  whereas  the  machine  be- 
fore the  turn  had  the  necessary  supporting 
power  to  maintain  it  in  the  air,  in  less  than 
two  seconds  of  time  it  would  have  turned 
around  a  quarter  of  a  turn  in  the  air,  and  with 
respect  to  its  relative  position  to  the  earth, 
would  have  practically  turned  upon  its  own 
center,  and  have  begun  to  drift  sideways,  hav- 
ing practically  lost  all  of  its  sustaining  power; 
it  had  no  initial  forward  motion  when  com- 
mencing to  make  the  turn,  the  time  allowed 
not  being  sufficient  to  acquire  the  necessary  ac- 
celeration, and  the  power  available  not  being 
great  enough. 

Should  he  be  able  to  get  his  machine  around 
a  full  half  turn,  which  he  might  be  able  to 
do  in  three  seconds,  the  machine,  even  though 
assisted  by  all  the  power  of  its  engine,  and 
the  effect  of  the  wind  in  the  direction  it  had 
turned,  could  not  in  that  limited  time  have 
gotten  up  sufficient  headway  against  its  own 
inertia  so  as  to  be  moving  as  fast  as  the 
wind  itself,  and  the  wind  would  actually  be 
blowing  from  behind  and  aiding  gravity  in 
forcing  the  machine  downward.  It  seems 
hardly  probable  that  under  such  conditions 
it  would  be  possible  for  the  operator  to  again 
right  the  machine,  even  though  it  were  fall- 
ing head  first,  especially  if  he  was  not  aware 
of  the  actual   cause  of  the  trouble. 


As  a  matter  of  fact,  a  machine  under  such 
conditions  as  above  outlined  would,  in  so  far 
as  the  forces  of  gravity  and  inertia  are  con- 
cerned, have  to  start  from  a  standstill  and  ac- 
quire a  velocity  of  80  miles  per  hour  relative 
to  the  earth  before  again  obtaining  its  normal 
supporting  power  of  40  miles  per  hour  rela- 
tive to  the  air  in  which  it  would  be  flying. 

A  further  complication  would  be  the  fact 
that  once  commencing  a  turn  under  the  con- 
ditions above  stated,  the  machine  would  have 
a  tendency  to  tu/n  practically  on  its  own  cen- 
ter, and  having  thus  acquired  an  initial  rotary 
motion  with  little  forward  motion  in  the  same 
plane,  it  would  be  much  harder  to  check  or 
reverse  the  turn.  Any  effort  which  might  be 
m:ide  by  the  operator  would  probably  be  such 
as  would  result  in  just  the  reverse  to  that 
intended,  as  the  conditions  of  support  would 
for  the  time  be  reversed. 

The  support  of  a  flying  machine  in  the  air 
depends  upon  a  nice  adjustment  of  speed  rela- 
tive to  the  air,  its  surface  and  power,  as  op- 
posed to  the  action  of  gravity.  The  power 
may  be  so  applied  when  flying  as  to  store 
up  within  the  machine  dynamic  force,  which 
would  be  the  product  of  its  speed  relative  to 
the  earth  and  its  weight,  or  simply  to  over- 
come the  static  force  caused  by  gravity,  if  the 
machine  were  flying  against  a  wind  blowing 
at  the  same  speed  required  for  sustention.  In 
fact,  if  the  machine  were  flying  against  a  wind 
blowing  relative  to  the  earth  at  greater  speed 
than  the  speed  of  the  machine  through  the  air, 
it  would  then  have  stored  up  within  itself 
dynamic  force  acting  in  the  opposite  direction 
to  which  the  machine  would  be  actually  mov- 
ing through  the  air. 

It  seems  evident  that  a  flying  machine  may 
be  turned  very  quickly  and  may,  on  account 
of  the  small  frictional  hold  it  has  upon  the 
air,  and  due  to  momentum,  or  centrifugal 
force,  skid  a  considerable  distance  in  making 
a  turn,  unless  the  resistance  available  by  bank- 
ing the  machine  is  adjusted  very  nicely  to  the 
relative  forces  brought  about  by  the  speed  of 
the  machine.  It  is  the  writer's  belief  that  such 
quick  turns,  if  made  in  a  wind,  are  extremely 
dangerous  and  are  responsible  for  at  least 
some  of  the  fatal  accidents  which  have  oc- 
curred. 

Professor  Langley,  the  writer  believes,  was 
the  first  to  compare  the  flight  of  an  aeroplane 
to  a  skater  passing  rapidly  over  thin  ice,  which 
would  sustain  him  safelv  so  long  as  he  main- 
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t;iiiic(l  sufluinu  >i)(.'C(l  l<>  (li>lril)iitc  his  weight 
over  a  sunK-iiiii  area.  Let  us  go  a  little  fur- 
ther with  this  illustratiou.  W'c  know  tliat 
the  skater  might  turn  his  body  around  while 
passing  swiftly  over  such  thin  ice,  and  still 
continue  on  in  safety,  but  should  he  check  his 
speed  and  endeavor  to  reverse  the  direction 
of  motion,  he  wt)uld  surely  break  through.  So 
with  a  flying  machine:  if  turned  too  quickly, 
its  momentum  would  tend  to  carry  it  along  in 
the  direction  in  which  it  had  been  flying  until 
it  reached  a  critical  position  without  sufficient 
support  from  speed  in  the  direction  it  had  been 
turned. 

Safety  in  cither  case  could  be  assured  only 
by  making  a  long  turn  that  would  meet  the 
requirements  of  time,  weight,  and  surface; 
and,  while  the  skater  might  turn  on  his  own 
center,  skating  either  face  forward  or  back- 
ward, without  affecting  his.  safety  so  long  as 
he  maintained  his  speed,  the  flying  machine 
must  of  necessity  at  all  times  present  its  front 
directly  toward  its  direction  of  motion,  and  at 
the  same  time  maintain  its  proper  angle  of 
incidence  and  forward  speed  relative  to  the 
air  to  prevent   its   falling. 

This  essential  condition  that  the  machine 
must  be  moving  at  its  full  speed  relative  to 
the  air  and  in  the  direction  it  has  turned  ir- 
respective of  the  speed  of  the  wind  or  the  rel- 
ative speed  of  the  machine  to  the  earth,  and 
the  fact  that  such  changes  in  direction  when 
flying  in  a  wind  may  bring  about  or  require 
rapid  changes  in  the  actual  velocity  of  the 
machine  itself,  so  that  at  all  times  it  may 
have  a  normal  speed  relative  to  the  wind,  is, 
the  writer  believes,  responsible  for  conditions 
which  we  have  not  had  to  consider  in  other 
methods  of  transportation  prior  to  the  advent 
of  the  flying  machine. 

It  is  believed  that  a  greater  power  is  re- 
quired to  get  a  machine  ofT  the  ground  than 
that  necessary  to  maintain  it  in  the  air  in 
horizontal  flight.  If  making  a  flight  in  still 
air,  the  machine  might  start  in  any  direction 
on  level  ground.  The  power  required  would 
be  that  which  would  be  necessary  to  overcome 
the  head  resistance  of  the  air,  the  frictional 
resistance  of  the  air,  the  action  of  gravity, 
and  the  inertia  of  the  weight  of  the  machine 
in  bringing  it  up  to  the  speed  necessary  for 
sustention,  in  a  given  time.  After  attaining 
this  speed,  that  portion  of  the  power  required 
for   overcoming   inertia    would   remain   in   the 


machine  as  kinetic  energy,  and  when  flying 
in  still  air  would  remain  constant  irrespective 
of  the  direction  in  which  the  machine  might 
be  flying. 

If  a  machine  were  started  from  a  stationary 
position  on  the  ground  against  a  head  wind 
blowing  at  a  speed  e(iual  to  that  necessary 
for  the  support  of  the  machine,  no  power 
would  be  required  to  overcome  the  inertia 
of  the  machine  in  a  horizontal  plane;  it  would 
maintain  its  relative  position  to  the  earth ; 
and  if  it  were  possible  for  the  wind  to  in- 
stantly stop  blowing,  the  machine  would  fall 
during  the  time  necessary  to  accelerate  the 
machine  up  to  a  speed  necessary  for  support. 

If  a  machine  were  started  from  a  station- 
ary position  on  the  ground,  moving  in  the 
same  direction  with  a  wind  blowing  at  a 
speed  equal  to  that  necessary  for  the  support 
of  the  machine,  it  may  be  assumed  that,  if 
sufficient  time  is  allowed,  the  force  of  the 
wind  will  accelerate  the  speed  of  the  machine 
up  to  the  speed  of  the  wind,  but  from  this 
time  until  the  machine  obtains  a  speed  neces- 
sary for  support  greater  than  the  speed  of 
the  wind,  the  same  elements  of  resistance  wmII 
have  to  be  overcome  as  in  starting  from  the 
ground  in  still  air,  including  the  power  and 
time  necessary  to  overcome  the  inertia  of  the 
machine. 

The  above  statements,  the  writer  believes, 
demonstrate  the  fact  that  in  flying  in  a  wind 
and  making  a  turn,  the  necessity  for  quick 
changes  in  the  actual  velocity  of  the  machine, 
required  to  accommodate  the  speed  of  the 
machine  to  the  speed  of  the  wind  when  the 
direction  of  the  machine  is  changed,  may  be 
such  as  to  cause  the  machine  to  fall  for  want 
of  sufficient  surplus  power  to  meet  such  varia- 
ble conditions,  or  on  account  of  not  allow- 
ing sufficient  time  for  the  small  amount  of 
power  available  to  meet  the  requirements  of 
changes  in  the  actual  velocity  of  the  machine. 

In  flying  in  a  wind  it  would  seem  as  if 
there  must  always  be  a  variable  resistance 
or  momentum  to  be  considered  when  making 
a  turn ;  that  this  variable  will  be  proportion- 
ate to  the  speed  of  the  wind,  and  must  be  pro- 
vided for,  when  turning,  by  the  allowance  of 
ample  time  for  increase  or  decrease  of  the 
actual  speed  of  the  machine  so  that  it  may  at 
all  times  maintain  its  normal  speed  relative 
to  the  air.  Also  that,  in  making  such  ad- 
justments  of   time    and    speed,    the   weight   of 
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the  machine,  the  normal  speed,  the  amount 
of  surface,  and  the  surplus  power  available 
will  all  have  to  receive  due  consideration — in 
the  hands  of  an  expert  operator  who  has 
become  thoroughly  familiar  with  these  con- 
ditions and  their  relative  values — if  safety 
in   flight   is   to   be   attained. 

A  flying  machine  cannot,  without  risk  of 
falling,  be  turned  in  its  course  through  the 
air  without  allowing  the  necessary  time  rela- 
tive to  the  power  and  weight  to  overcome  its 
inertia  and  maintain  its  speed  in  the  direction 
it  has  turned. 

For  the  sake  of  argument,  consider  what 
would  actually  happen  to  a  flying  machine 
weighing  1,000  lb.  moving  through  the  are 
at  the  rate  of  60  ft.  per  second,  or  40  miles 
per  hour,  and  making  a  complete  turn  in  the 
air  in  six  seconds,  while  the  wind  was  blow- 
ing at  a  speed  of  40  miles  per  hour,  the  turn 
to  commence  when  the  machine  was  flying 
against  the  wind  and  practically  standing  rel- 
ative to  the  earth.  In  making  such  a  turn 
in  still  air,  the  machine  would  traverse  a  true 
circle  about  360  ft.  in  circumference,  both  iu 
the  air  and  relative  to  the  earth,  commencing 
and  completing  the  turn  with  the  normal  speed 
necessary  for  sustention,  60  ft.  per  second  in 
the  air  and  relative  to  the  earth's  surface  at 
all  points   of   the   turn. 

In  making  a  turn  in  the  air  with  the  wind 
blowing  40  miles  per  hour,  the  machine  would, 
if  it  were  not  for  the  effect  of  inertia,  traverse 
a  true  circle  relative  to  the  air,  ju^t  as  when 
turning  in  still  air ;  but  relative  to  the  earth 
it  would  move  in  the  direction  in  which  the 
wind  was  blowing  60  ft.  per  second.  But 
on  account  of  inertia,  in  making  such  a  com- 
plete turn  the  weight  of  the  machine,  1000  lb., 
would  have  to  be  accelerated  from  a  standing 
position  to  a  speed  of  120  ft.  per  second  in 
the  first  three  seconds  of  the  turn,  and  re- 
tarded from  this  speed  to  a  full  stop  in  the 
last  three  seconds  of  the  turn. 

As  a  matter  of  fact,  a  flying  machine  may  be 
turned  around  in  about  six  seconds  and  with 
comparative  safety  in  still  air,  but  to  make 
such  a  turn  and  at  the  same  increase  the  speed 
of  1,000  lb.  weight  to  120  ft.  per  second,  and 
again  retard  it  the  same  amount  in  six  sec- 
onds, is  beyond  the  power  available  for  ac- 
celeration, or  the  strength  of  the  machine  to 
act  in  retardation,  especially  if  we  consider 
the  fact  that  the  power  available  for  accelera- 


tion would  be  very  small,  practically  all  of  the 
power  being  actually  necessary  to  support 
the  machine  in  the  air.  The  amount  of  power 
available  over  and  above  that  required  for 
sustention  may  be  approximated  by  the  abil- 
ity of  the  machine  to  rise.  For  instance,  if 
a  machine  weighing  1,000  lb.  were  capable 
of  rising  100  ft.  per  minute,  this  would  indi- 
cate that  it  had  3  h.  p.,  or  100,000  foot  pounds 
per  minute,  of  surplus  power  above  that  re- 
quired to  maintain  speed  of  sustention.  Three 
seconds  is  one-twentieth  of  a  minute,  so  that 
we  would  have  5,000  foot  pounds  available 
for  three  seconds  to  increase  the  velocity  of 
1,000  lb.  weight  to  120  ft.  per  second.  It  would 
take  about  140,000  foot  pounds  to  do  this  in 
three  seconds,  or  about  a  minute  and  a  half 
to  accelerate  1,000 ,1b.  weight  with  the  energy 
available,  5,000  foot  pounds.  These  figures  are 
merely  approximations  made  to  illustrate  the 
conditions  involved. 

The  wind  would  assist  in  acceleration  on 
the  first  half  of  the  turn,  and  the  resistance 
of  the  air  to  forward  motion  would  help  de- 
crease the  time  necessary  on  the  last  half  of 
the  turn.  This  would  materially  decrease  the 
time  required  for  the  complete  turn.  The 
arbitrary  conditions  mentioned  herein  are 
used  for  illustration  only.  The  actual  time 
in  which  a  safe  turn  may  be  made  in  the  air 
may  be  closely  estimated,  if  we  have  the 
weight  of  the  machine,  know  how  much  sur- 
plus power  it  has,  know  the  speed  of  the  ma- 
chine relative  to  the  air,  and  the  speed  of  the 
wind.  The  product  of  these  factors  would 
be  varied  somewhat  by  the  area  of  the  surface 
of  the  machine,  the  form  of  the  machine,  and 
the  ability  of  the  operator  to  control  it  to  the 
best  advantage. 

It  is  believed  that  some  of  the  accidents  re- 
ferred to  have  been  due  to  a  combination  of 
the  above  named  causes,  and  to  the  failure  of 
the  aviator  to  appreciate  their  varying  in- 
fluence as  compared  to  his  speed  through  the 
air  and  his  relative  speed  over  the  earth  due 
to  the  speed  of  the  wind.  It  is  only  when 
quite  near  the  earth  that  the  relative  speed  of 
the  machine  may  be  judged  of;  when  higher 
up,  the  aviator's  attention  is  given  to  necessary 
adjustments  to  meet  the  changing  conditions 
In  the  air. 

On  apporaching  the  ground,  he  has  no  way 
of  determining  the  direction  or  speed  of  the 
wind   except   by   noting   some    object   .such   as 
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smoke  or  ti;ig,  or  l»y  first  tlying  in  a  circle 
lu-ar  tlu-  tarili  and  mttinn  tlu-  ainoiiiit  and 
direction  c»t  the  side  drift  of  the  UKuhine 
And  it  must  bea(hnitted  that  to  do  this  even 
approximately  must  re(|uire  a  highly  culti- 
vated sense  of  speed  antl  direction.  Any  speed 
indicator  placed  upon  a  machine  can  only 
show  the  speed  through  the  air.  Nevertheless, 
such  an  instrument  is  of  the  highest  impor- 
tance as  a  guide,  to  limit  speed  in  gliding  and 
to  maintain  necessary  speed  for  sustention.  It 
is  quite  possible  that  accidents  have  occurred 
on  account  of  lack  of  knowledge  of  these 
relative  speeds. 


PNEUMATIC  REMOVAL  OF  SEDIMENT 
FROM   SETTLING   TANKS 

For  the  removal  of  sediment   from  the  set- 

« 

tling  tanks  in  coal-washing  plant  a  Silesian 
engineer,  Herr  H.  Schubert,  has  introduced 
a  pneumatic  method  which  has  already  found 
application  at  a  number  of  collieries  in  Up- 
per Silesia.  A  characteristic  feature  of  the 
method   is   that,   instead   of  being  pumped   or 


FIG.    I. 

valve,  from  which  a  pipe  a  leads  to  a  reversing 
apparatus  U,  which  in  turn  is  connected  with 
the  suction  pump  L  by  the  pipe  b.  The  pipe  a 
leads  to  a  reversing  apparatus  U,  which  in 
turn  is  connected  with  the  suction  pump  L 
by  the  pipe  b.     The  pipe  a  is  40  to  50  ft.  in 


<--\\^^. 


FIG.   2. 


drawn  off  from  the  tanks  in  a  semi-liquid 
form,  the  sediment  is  handled  in  a  thick  con- 
dition. The  effluent  water,  laden  with  nne 
particles  of  coal,  is  run  into  the  settling  tank, 
which  is  provided  with  funnel-shaped  recesses 
T  (Fig.  i).  which  latter  are  connected 
by  suction  pipes  S  with  a  closed  receiver  K. 
This  is  provided  at  the  top  with  an  automatic 


height  and  has  two  limbs,  in  order  that  no 
sediment  may  be  drawn  into  the  suction  pump 
in  the  event  of  any  accident  to  the  automatic 
valve.  When  the  receiver  K  is  connected 
with  the  suction  pump  by  means  of  the  re- 
versing apparatus  U,  the  air  in  the  receiver 
is  exhausted  and  becomes  filled  with  sedi- 
ment drawn  from  the  recesses  T  through  the 
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pipes  S.  As  soon  as  a  float  attached  to  K  in- 
dicates that  this  latter  is  sufficiently  charged, 
communication  with  the  pipes  S  is  cut  off  by 
moving  a  lever  and  the  receiver  K  is  put  in 
communication  v^^ith  the  delivery  pipe  D,  so 
that  the  pump  L  now  acts  as  a  force  pump 
and  expels  the  contents  of  K  to  their  destina- 
tion. 

Another  form  is  illustrated  in  Fig.  2, 
the  bottom  of  the  settling  tank  being  di- 
vided into  recesses  T,  into  which  dip  the  suc- 
tion pipes  S,  branching  from  a  main,  m-n, 
leading  to  the  receiver  K.  This  main  is  con- 
nected direct  with  the  delivery  pipe  D,  an  ar- 
rangement found  preferable  to  the  use  of  sep- 
erate  suction  and  delivery  pipes  where  the 
former  are  very  long.  In  this  modification, 
when  the  receiver  K  is  full,  the  reversing  ap- 
paratus is  operated  and  the  sediment  in  the 
receiver  is  expelled  through  m-n  and  D.  which 
done,  the  valve  connecting  m-n  and  D  closes 
automatically,  and  the  pump  again  begins  to 
act  by  suction.  Since  all  the  sediment  in  m-n 
has  been  forced  into  D,  the  suction  pump 
has  merely  to  overcome  the  inertia  of  the 
sediment  in  the  short  branches  S,  so  that 
only  a  low  vacuum  is  required.  If,  however, 
the  suction  and  delivery  pipes  were  separate, 
the  whole  length  of  m-n  would  remain  filled 
with  sediment,  and  a  high  vacuum  would  be 
needed  to  set  this  quantity  in  motion  on  re- 
newing the  suction  phase  of  the  process;  in- 
deed, in  certain  circumstances,  it  would  be 
necessary  to  employ  compressed  air  for  that 
purpose.  Furthermore,  combining  the  suction 
and  delivery  pipes  in  the  manner  indicated  is 
equivalent  to  increasing  the  capacity  of  the 
receiver  K. 


Compressed 
AirOuflef 


GETTING  AIR  PRESSURE  WITH  A 
.  WATER  PUMP 

Mr.  Louis  T.  Watry,  Pueblo,  Colorado,  a 
contributor  to  Power,  tells  in  a  recent  issue 
how  he  obtained  a  pressure  of  air  for  testing 
purposes  from  an  ordinary  steam  pump  by 
admitting  air  with  water  entering  the  suction 
pipe.    H*^  says : 

Some  time  ago  I  was  employed  in  a  plant 
where  iron  barrels  were  occasionally  tested, 
an  air  pressure  of  10  or  12  pounds  per  square 
inch  being  necessary.  The  foreman  said  he 
had  thought  of  using  a  small  duplex  pump, 
but  he  could  not  pump  over  4  pounds  of  air 
pressure.     I  told  him  I  could  get  all  the  pres- 


\'/////y///^^/y//////////y///////^^^^^ 


sure  he  needed  and,  to  prove  my  argument,  de- 
vised the  scheme  shown  in  the  accompanying 
drawing. 

The  barrel  to  be  tested  is  first  connected  by 
a  hose  to  the  open-air  outlet  valve  on  the  re- 
ceiver. The  drain  valve  is  closed.  The 
pump  is  then  slowly  started  and  when  primed 
the  air  valve  on  the  suction  line  is  opened  just 
enough  to  prevent  the  pump  from  entirely 
"losing  its  water."  By  proper  regulation  of 
this  air  valve  the  pump  will  take  in  a  large 
volume  of  air  with  each  stroke  and  just 
enough  water  to  keep  the  plungers  and  valves 
fairly  well  sealed.  When  a  pressure  of  8  or 
10  pounds  is  reached  the  air  valve  on  the  suc- 
tion line  is  closed,  the  pump  takes  water  and 
the  receiver  is  nearly  filled.  This  forces  the 
air  out  of  the  receiver  into  the  barrel  being 
tested  and  increases  the  pressure  at  the  same 
time. 

Should  more  pressure  be  desired  the  air- 
outlet  valve  is  closed  and  the  receiver  is 
drained  into  the  suction  tank.  The  small 
valve  shown  on  top  of  the  receiver  admits  air 
when  the  receiver  is  being  drained.  The  oper- 
ation mentioned  is  then  repeated. 

Incidentally  it  is  not  the  most  economical 
way  of  compressing  air. 


In  the  basement  of  the  state  house,  at  Co- 
lumbus, O..  the  state  of  Ohio  is  going  to  build 
a  miniature  mine,  where  its  mine  experts  will 
produce  mine  explosions  and  rescue  victims 
of  black  damp  by  use  of  the  lastest  mine  res- 
cuing devices. 
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ami   as   far  Hb   J    can  sec  did   no  lianii   t(»  the 
machine. 


AIR  AND   WATER    FOR  CLEANING 
TUBES 

John  Bailey,  Milwaukee,  a  correspondent 
of  Power,  tells  of  the  cleaning  of  a  large  ver- 
tical boiler  as  seen  in  the  cut.  The  boiler 
had  not  been  cleaned  in  a  long  time  and  a 
flue  cleaner  was  ordered.  In  cleaning,  the 
operator  must  stand  on  the  upper  drum  and 
feed  his  cleaner  down.  Because  the  operator 
must  be  confined  in  the  drum,  a  steam-driven 
machine  was  out  of  the  question.  Water 
was  not  available  in  sufficient  quantities  at 
the  required  pressure,  so  an  air  machine  was 
used. 

The  machine  arrived  and,  superintended  by 
the  engineer  and  several  others,  the  work 
was  commenced.  The  machine  ran  fine,  but 
after  several  tubes  had  been  cleaned  the  dust 
in  the  drum  became  too  much  for  the  fire- 
man doing  the  job.  Covering  all  the  tubes 
excepting  the  one  on  which  he  was  working 
helped  matters  some,  but  was  not  sufficient. 
Stopping  them  up  tight  with  plugs  stopped 
the  dust  all  right  but  unfortunately  the  draft 
also,  and  the  drum  of  the  still  warm  boiler 
became   unbearable. 

The  fireman  finally  discovered  a  remedy 
himself.  He  took  a  small  hose  into  the 
drum  with  him  and  let  a  very  small  amount 
of  water  trickle  into  the  tube  on  top  of  his 
cleaner.     This   stopped  the   trouble  completely 


CAVES     OR    MINES  AS  BAROMETERS 

Large  subterranean  chambers,  whctiicr  caves 
of  natural  formation  or  mines,  naturally  feel 
the  pressure  changes  in  the  external  atmos- 
l)lH're.  the  air  flowing  in  or  out  to  adjust  the 
halaiKT.  W'iicre  there  is  a  large  shaft  or  oth- 
t-r  oprniii)^  the  ebb  and  How  is  not  generally 
noticeable,  but  if  there  is  only  a  restricted  air 
passage  the  rate  of  flow  is  proportionately  in- 
creased. In  a  suburb  of  Seattle,  Wash.,  a  man 
recently  bored  in  his  back  yard  to  a  depth  of 
153  feet  in  (|uest  of  water,  but  not  striking  any 
he  gave  it  up.  Since  then  it  has  been  noticed 
that  a  small  pipe  which  caps  the  bore  spouts 
wind  with  such  force  as  to  cause  a  whistling 
sound.  Sometimes  the  air  current  is  reversed, 
the  pipe  then  sucking  instead  of  blowing,  the 
former  action  preceding  a  storm,  while  the  lat- 
ter gives  promise  of  fair  weather.  It  is  as- 
sumed that  the  bore  penetrated  a  cavern  of 
some  size,  the  contents  of  which  thus  respond 
to   the  barometric   changes   outside. 


FORCED  HOT  AIR  SYSTEM 

General  Manager  M.  O.  Robinson,  of  the 
Port  Arthur  and  Fort  William  Electric  Rail- 
way system  states  that  they  have  had  on  trial 
on  one  of  their  cars  the  forced  ventilation 
hot-air  system.  Although  they  did  not  have 
this  in  operation  in  the  coldest  weather,  it  has 
been  15  below  zero  since  it  was  installed,  and 
at  that  temperature  it  proved  to  be  superior 
to  the  electric  heaters.  The  good  features  of 
the  system  .are  that  the  air  in  the  car  is  con- 
tinually being  changed,  being  taken  from  out- 
side, heated  and  forced  under  the  car  by  a 
fan.  It  has  the  advantage  over  the  hot  water 
that  there  is  no  danger  of  frozen  or  leaky 
pipes ;  also  it  is  one-half  the  weight  and  when 
the  heater  is  taken  out  for  the  summer  the 
car  is  not  so  heavy  even  as  with  the  electric 
heaters.  The  cost  of  operation  in  compari- 
son with  electricity  is  said  to  be  less  than 
one-half. 


The  "trainometer"  is  the  latest.  If  you  are 
on  a  train  and  you  are  curious  to  know  how 
fast  you  are  going,  you  put  a  penny  in  the  slot 
and  the  hand  on  a  dial  informs  you.  H.  W. 
Prance,  an  Englishman,  is  the  genius  who- 
thought  of  this  idea,  but  it  has  not  been  adopt- 
ed in  this  country  yet. 
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DANGERS  FROM   ELECTRICITY  IN 
MINES 

The  Electrical  Review  of  Chicago,  in  a  re- 
cent issue,  gives  the  results  of  tests  of  vari- 
ous fuses,  looking  to  the  reducing  of  the 
dangers  so  closely  allied  with  every  method 
of  electric  detonation  in  mines.  The  Elec- 
trical Review  admits  the  existence  of  these 
dangers  and  states  that  the  time  has  come 
not  only  for  educating  the  miners  to  the  reali- 
zation of  the  risks  they  run  from  electrically 
charged  wires,  bat  it  advocates  the  appoint- 
ment of  an  electrician  in  each  mine  and  of 
Government  inspectoirs  specially  trained  to 
pass  upon  electrical  conditions  and  equipment. 

It  is  fortunate  that  we  have  the  recently 
created  Bureau  of  Mines  at  Washington,  be- 
cause here  is  a  scientific  body  with  Govern- 
ment authority,  equipped  to  investigate .  the 
dangers  accompanying  the  use  of  electricity 
underground.  That  this  subject  has  been 
neglected  goes  without  saying.  It  is  little  less 
than  a  crime  to  subject  human  beings  to  the 
dangers  that  result  from  an  electric  spark  sim- 
ply because  it  may  be  considered  a  little 
cheaper  to  equip  with  electricity  than  with 
compressed  air.  This  economy,  if  it  really 
exists,  is  nothing  more  than  a  little  differ- 
ence in  the  first  cost  of  the  installation,  but  in 
the  end  it  is  doubtful  that  there  is  an  economy 
at  all.  Investigations  have  shown  that  acidu- 
lous waters  in  mines  destroy  the  insulation 
of  charged  wires.  This  takes  place  silently 
and  in  the  dark.  There  is  no  noise  resulting 
from  it  as  occurs  when  a  leak  exists  in  an 
air  pipe,  the  result  being  that  in  the  case  of 
electricity  there  is  a  short  circuit  and  ex- 
posed switches,  resulting  in  sparks  and  elec- 
tric arcs  which  initiate  coal  dust  explosions. 
Any  and  all  explosive  material  is  in  the 
same  danger  from  the  same  source. 

It  has  been  conclusively  shown  that  coal 
dust  explodes  per  se.  It  is  not  necessary  to 
have  the  mixture  of  gases,  for  the  Govern- 
ment testing  plants  at  Pittsburg  have  repeat- 
edly exploded  coal  dust  when  mixed  with 
nothing  but  air. 

How  different  is  the  case  with  compressed 
air.  Not  only  is  it  free  from  fire  dangers, 
but  it  is  the  very  thing  that  is  wanted  in  the 
mine  for  ventilation  and  cooling.  An  air 
pipe  costs  a  little  more  than  an  electric  wire, 
but'  its  durability  is  greater  and  its  useful- 
ness   in    case    of    accidents    and    imprisonment 
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ol"  iiK-n  caniHtt  Ik-  on  or-cstiinalrd.  C"t»ini)rcssf(l 
air  is  lunv  prodiicoil  by  hif>li  (liit>  air  com- 
pressors so  tliat  its  ct>st  compares  very  fav- 
orably with  tliat  of  electricity,  aiul  so  far  as 
ininiii)^  service  is  concerned  it  serves  to  fur- 
nish power  for  all  the  reciuirements  of  oper- 
ating machinery. 


THE  WASTEFUL  STORY  OF  COAL 

It  is  a  very  modern  story  throuj^hout.  Not 
so  very  long  ago  was  the  tirst  finding  of  the 
coal.  Then  it  was  discovered  that  coal  would 
burn,  and  all  could  sit  or  stand  around  and 
enjoy  the  warmth  of  it.  Then  the  fire  came 
to  be  used  for  roasting  and  broiling  and  boil- 
ing, and  the  l>oiling  brought  steam  and  the 
steam  engine,  and  through  the  succeeding  de- 
velopments, which  still  crowd  so  closely  upon 
each  other,  coal  has  become  our  chief  source 
oi  light,  as  well  as  of  heat  and  of  power,  for 
all  manufacturing  operations  and  for  transpor- 
tation upon  the  land  and  on  the  sea.  From 
the  coal,  as  it  lies  inert  in  its  native  bed,  to 
the  output  of  the  great  power  houses  and  the 
speeding  of  the  ocean  racers,  is  a  long  string 
of  contrivances  and  of  methods,  which  we 
know  to  be  still  crude  and  wasteful,  but  which 
our  best  investigators  and  inventors  are  con- 
stantly striving  to  simplify  and  to  render 
more  economical  and  efficient. 

Most  gratifying — though  still  not  at  all  sat- 
isfying— results  have  been  attained  in  the  line 
of  coal  saving  at  the  hither  end  of  its  employ- 
ment, as  is  evidenced  in  the  fourfold  reduc- 
tion which,  in  half  a  century,  has  been  effected 
in  the  fuel  cost  per  horsepower  of,  say,  the 
Atlantic  liners;  but  it  is  quite  astonishing  to 
realize  how  little  has  been  done,  comparative- 
ly, in  the  line  of  saving  at  the  mine  itself. 
The  ultimate  cost  of  the  coal  is,  of  course, 
the  labor  cost  of  getting  and  handling  and 
transporting  it.  and  the  saving  of  coal  any- 
where along  the  line  of  activities  involved  in 
its  employment,  of  course,  represents  a  com- 
mensurate saving  in  the  labor  cost  of  the  coal ; 
but  it  w^ould  seem  that  the  first  place  of  ail 
to  begin  the  labor  saving  should  be  where  the 
coal  is  first  attacked  and  secured;  and  yet 
v:oal  mining  machines  are  among  the  most 
recent  of  our  inventions  practically  developed 
rvnd  employed.  Machinery  and  applied  rne- 
chat\ical  power  save  human  labor  everywhere, 
and  in  coal  mining  it  would  mean  a  consider- 
able reduction  in  the  number  of  human  lives 


exposed  to  thr  un^^ual  risks  of  a  most  danger- 
ous line  of  iiuploN  nu-iU.  It  is  estimated  that 
one  coal  machine  with  three  attendants  will 
do  as  much  work  as  twenty  men  working  en- 
tirely by  hand,  and  yet  as  recently  as  1906,  in 
the  United  States,  only  35.1  per  cent,  of  the 
coal  output  was  machine  mined,  and  in  Great 
Britain  only  4  per  cent. 

The  advantage  which  the  machines  give  is 
shown  in  all  the  comparisons  between  the 
United  States  and  Great  Britain  in  recent 
years,  these  figures  being  generally  available 
only  a  year  or  two  after  date.  In  1908,  in  the 
United  States,  690,438  persons  employed  pro- 
duced 126,562,000  more  tons  of  coal  than  were 
produced  by  966,264  persons  employed  in  the 
mines  of  Great  Britain.  The  total  of  American 
operators  with  fewer  men  produce  annually 
60  per  cent,  more  coal  than  is  mined  in  Great 
Britain.  In  1908  the  production  of  coal  per 
person  employed  was  538  tons  in  the  United 
States  and  271  tons  in  Great  Britain,  the  aver- 
age for  all  civilized  countries  being  294  tons, 
very  few  coal  machines  being  used  except  by 
the  nations  mentioned. 

Of  the  machines  employed,  there  are  a  num- 
ber of  different  types,  and  both  electricity  and 
air  are  employed  to  drive  them.  In  the  New- 
castle district  of  England  in  1909  there  were 
45  electric  machines  and  178  air-driven.  Of  all 
the  machines  of  all  types  in  use  in  the  United 
States,  about  60  per  cent,  are  pick  or  puncher 
machines. 

It  remains  a  wonder  that  machinery  has 
not  done  more  to  lighten,  or  at  least  to  make 
more  individually  productive,  the  labor  of  the 
man  down  in  the  dark  who  gets  out  the  coal 
for  us.  Every  impulse  of  humanity,  as  well 
as  all  pecuniary  considerations,  urge  the  em- 
ployment of  machinery  wherever  possible,  and 
especially  the  coal  punchers,  which  are  leading 
the  attack. 


WHAT  AIR  RECEIVERS    HAVE  TO 
STAND 

An  enquiry  w^as  held  recently,  at  Dunferm- 
line (Scotland),  before  Sheriflf  Umpherston 
and  a  jury,  into  the  facts  of  the  death  of  Da- 
vid Robertson,  who  was  killed  on  May  5  at 
Bowhill  Colliery  in  consequence  of  the  re- 
ceiver of  a  steam-driven  air-compressor  plant, 
of  which  he  was  in  charge,  bursting  or  ex- 
ploding. 

Robert    Anstruther    Muir,    manager,    stated 
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that  the  plant  was  purchased  by  himself  and 
the  Bowhill  Company,  about  1899,  and  it 
worked  satisfactorily.  They  never,  when  mak- 
ing examination  of  the  plant,  found  any  in- 
dictation  of  defects.  The  plant  was  not  new 
when  it  zvas  bought.  The  plate  of  the  air- 
compressor  was  y^  in.  in  thickness,  and  its 
safe  working  load  would  be  about  100  lb.  He  did 
not  think  the  accident  could  be  due  to  normal 
working  conditions.  There  must  have  been 
a  high  temperature  inside.  It  might  have  been 
brought  from  the  outside.  The  theory  he 
had  formed  as  to  the  accident  was  an  internal 
ignition.  Any  oil  put  in  the  air  cylinder  would 
in  the  course  of  time  find  its  way  into  the  re- 
ceiver and  naturally  accumulate.  It  had  been 
his  practice  all  along  to  use  common  engine 
oil  for  air  compressors.  It  would  be  quite 
right  to  use  a  safer  oil  even  where  they  were 
working  at  low  pressures.  He  thought  the 
receiver  was  cleaned  out  about  two  years  ago. 

Neil  Anderson  Wilkie,  manager,  Bowhill, 
stated  that  he  knew  that  the  safety  valve  was 
working  on  the  morning  of  the  accident,  be- 
cause he  heard  the  air  flowing  from  it.  He 
had  had  no  trouble  with  the  plant  since  he 
went  to  the  colliery  eleven  months  ago,  and 
it  was  working  all  right  now.  He  thought 
there  must  have  been  some  internal  ignition 
inside  the  receiver  with  consequent  large  in- 
crease of  pressure  and  heat.  Since  the  acci- 
dent they  were  using  partly  common  engine 
oil  and  partly  soapsuds  for  lubricating  pur- 
poses. The  company  would  not  continue  the 
arrangement  for  lubricating  purposes  employed 
before  the  accident  now,  in  consequence  of  the 
accident. 

James  Sibbald,  engineman,  said  he  had  been 
familiar  with  the  machinery  in  question  for 
about  seven  years.  There  was  an  outlet  cock 
at  the  bottom  of  the  receiver,  and  //  was  used 
regularly  three  times  a  w:ck.  Sometimes  a 
little  oil  came  out  of  the  cock. 

David  Muir,  head  engineer  at  the  colliery, 
said  that  during  the  time  he  had  been  there 
there  had  been  no  examination  of  the  plant, 
which  had  worked  quite  smoothly.  Witness 
further  said  that  he  had  wrought  air  com- 
pressors before  the  Bowhill  one,  and  at  these 
there  was  a  special  compressor  oil  in  use. 

Mr.  Robinson,  H.  M.  inspector  of  mines, 
said  that  common  oil  was  not  the  sort  of  oil 
to  use  for  compressors  generally.  He  found 
that    it    was    occasionally    used,    and    always 


where  he  knew  it  was  used  he  drew  atten- 
tion to  it  because  of  its  low  flashpoint. 

Mr.  Colvin,  representing  the  Scottish  Mine- 
owners'  Association,  said  that  under  normal 
conditions  the  oil  in  use  would  have  been 
quite  safe,  as  the  ordinary  fla-shpoint  of  it 
was  much  above  the  temperature  at  which 
the  compressor  was  working. 

The  jury  added  to  their  formal  verdict  an 
order  that  they  were  of  opinion  that  a  special 
oil  should  be  used  in  connection  with  plant 
of  that  kind. 

[We  reprint  the  above,  verbatim  and  en- 
tire, from  the  Colliery  Guardian,  London, 
merely  adding  the  italics,  of  which  we  might 
have  been  more  liberal. 

It  seems  that  this  poor  air  receiver  was 
we  don't  know  how  many  years  old  a  dozen 
years  ago,  and  they  went  on  using  it  just  as 
if  it  was  new.  Of  course,  it  had  been  rusting 
and  weakening  all  the  time,  and  it  had  to 
give  out  some  time  and  when  it  did  give  out 
the  jury  evidently  found  nobody,  to  blame. 
There  seems  to  have  been  no  precautions  taken 
before  the  "accident"  and  no  critical  examina- 
tion of  anything  after  the  accident,  and  not 
a  word  is  cited  as  to  any  visible  evidence  of 
the  assumed  explosion.  There  may  have  been 
an  explosion,  but  not  the  slightest  evidence  of 
it  appeared.  If  the  receiver  was  to  ultimately 
give  out  either  through  the  gradual  weakening 
by  corrosion  or  by  the  sudden  accession  of 
pressure  due  to  an  explosion  there  had  been 
no  precautions  taken  in  anticipation  of  either 
possible  catastrophe.  The  shiftlessness  of 
practice  evidenced  throughout  this  case  h-iis 
never  been  surpassed  in  the  I  nited  States.  Kd. 
C  A.  M.I 


THE  LOETSCHBERG  TUNNEL 

The  following  notes  on  the  completion  of 
the  Loetschberg  tunnel,  in  Switzerland,  are 
taken  from  the  Moniteur  Industrielle.  An 
illustrated  description  of  the  work  was  pub- 
lished in  Compressed  Air  Magazine,  Feb., 
1909  : 

On  March  31  the  two  headings  of  the 
Loetschberg  tunnel  between  Kandersteg  and 
the  Loetsch  valley  came  together.  But  the 
formal  opening  of  the  line  is  not  expected 
until  1913.  Work  was  begun  in  the  latter 
part  of  1906,  so  that  something  less  than  five 
years    has    been    required    for   the    penetration 
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of  about  47,075  ft.  of  rock  from  north  to 
south.  No  enterprise  of  this  kind  has  ever 
approached  this  rapidity  of  execution  before, 
ami  it  is  quite  proper  to  consider  this  as  es- 
tabhshing   a    world's    record. 

riie  work  is  French  in  conception  and  exe- 
cution. According  to  the  first  estimates  and 
surveys,  the  tumicl  was  to  have  had  a  length 
of45,050  ft.  with  a  single  track;  and  it  was 
upon  this  basis  that  the  work  was  begun. 
At  the  start  the  pick  was  used,  but  with  this 
primitive  method  years  on  years  would  have 
passed  before  it  would  have  been  completed, 
(^n  March  i,  1907.  an  electric  system  with 
means  of  mechanical  drilling  was  installed; 
and  thanks  to  a  Swiss  subvention,  it  became 
possible  so  to  enlarge  the  tunnel  that  a  double 
track  could  be  laid. 

It  was  the  electric  installation,  the  first 
to  be  set  up  at  the  work,  that  made  the  com- 
pletion a  possibility,  and  the  results  obtained 
at  the  Loetschberg  show  that  mountain  tun- 
neling has  been  robbed  of  most  of  its  diflficul- 
ties.  Here  an  excavation  of  1,000.000  cu. 
3'ds.  of  rock  was  required  and  an  advance 
at  the  rate  of  130  cu.  yds.  a  week  was  regu- 
larly effected.  At  the  north  end  the  electric 
current  was  furnished  by  the  hydraulic  works 
at  Spiez.  at  15,000  volts  as  a  three-phase  al- 
ternating current.  At  the  south  end  a  similar 
current  was  furnished  by  the  works  at  Lonza 
^vith  which  it  was  possible  to  supply  power 
to  the  several  secondary  work  shops.  Elec- 
tricity was  not,  however,  used  as  a  motive 
power  in  the  heading.  All  drilling  and  all 
luiderground  traction  was  done  with  air  that 
had   been   compressed   by   electricity. 


THE  SAND  BLAST  ON  THE  PANAMA 
CANAL 

After  a  test  of  one  month,  the  sand  blast 
method  of  cleaning  steel  cars,  and  the  pneu- 
matic painters  in  use  at  Gorgona  shops  have 
demonstrated  the  economy  of  this  method 
over  the  one  formerly  employed,  viz.,  remov- 
ing the  scale  by  hammering  the  cars  and 
painting  them  by  brush.  The  steel  dump  cars 
in  use  on  the  Pacific  and  Atlantic  Division 
work  are  subjected  to  excessive  oxidization 
from  the  salt  air  and,  on  all  the  work,  the 
cars  are  continually  subject  to  rust,  conse- 
quent upon  hauling  wet  material  and  being 
subjected   to   the   continuous   rainy  weather. 

The    sand    blast    machine    installed    at    the 


slujps  about  a  month  ago  consists  of  a  reser- 
voir in  which  dried  sand  is  placed,  and  three 
leads  to  which  hose  may  l>e  attached.  An  air 
pressure  of  50  pounds  forces  the  sand  from 
the  reservoir  into  the  leads,  where  a  pressure 
of  80  pounds  is  api)Iied  to  drive  it  forcibly 
against  the  cars.  ()nly  two  leads  are  com- 
monly used,  and  the  sand  is  projected  through 
a  j4-inch  nozzle.  At  present,  Chame  sand  is 
used,  but  this  is  so  fine  that  it  is  not  thor- 
oughly effective,  and  an  order  has  been  placed 
for  some  coarser  quartz  sand,  which  occurs 
in  small  deposits  at  Chorrera.  Six  cars  san  be 
cleaned  of  scale  in  one  day.  The  cars  are 
run  on  a  switch  alongside  the  sand  blast  plant, 
and,  after  cleaning,  are  pushed  forward  a  few 
feet  to  the  place  where  the  pneumatic  painting 
is  done.  Coal  tar  paint  is  used,  and  it  is  or- 
dinarily applied  through  two  nozzles,  thus 
making  it  possible  to  work  on  two  cars  at 
one  time.  Tw^elve  cars  may  be  painted  by 
this  method  in  an  8-hour  dav. — Canal  Record. 


MAGNETIC  RELATIONS  OF  PETRO- 
LEUM DEPOSITS 

In  Bulletin  401  of  the  United  States  Geolog- 
ical Survey,  entitled  "Relations  between  Lo- 
cal Magnetic  Disturbances  and  the  Genesis  of 
Petroleum,"  by  George  F.  Becker,  the  condi- 
tion of  knowledge  of  the  origin  of  petroleum 
and  other  bituminous  substances  is  reviewed. 
Some  oils,  says  Mr.  Becker,  are  undoubtedly 
organic  and  some  are  beyond  question  in- 
organic. They  ma}'  have  been  derived  from 
carbonaceous  matter  of  vegetable  or  animal 
origin,  and  they  may  have  been  derived  from 
carbides  of  iron  or  other  metals.  It  is  also 
barely  possible  that  the  hydrocarbons  exist  as 
such  in  the  mass  of  the  earth. 

While  studying  the  subject,  Mr.  Becker  was 
led  to  inquire  w'hether  any  relation  could  be 
detected  between  the  behavior  of  the  compass 
needle  and  the  distribution  of  hydrocarbons. 
Not  much  could  be  expected  from  a  compari- 
son of  these  phenomena,  for  magnetite  exerts 
an  attraction  on  the  needle  whether  this  ore 
occurs  in  sold  masses  or  is  disseminated  in 
massive  rocks ;  moreover,  many  volcanic  rocks 
possess  polarity.  On  a  map  of  the  magnetic 
declination  in  the  United  States,  Mr.  Becker 
found  that  the  irregularities  of  the  curves  of 
equal  declination  of  the  compass  were  strong- 
ly marked  in  the  principal  oil  regions.  The 
most  marked  agreement  is  found  through  the 
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great   Appalachian    oilfield,   which    is   the   area 
of  greatest  variation  in  declination.     In  Cali- 
fornia, also,  strong  deflections  accompany  the 
chain  of  hydrocarbon  deposits. 

These  observations  are  to  some  extent  also 
supported  by  conditions  in  the  Caucasus, 
where  great  magnetic  disturbances  exist. 
While  the  theory  of  the  inorganic  origin  of 
the  hydrocarbons  as  exploited  by  various 
scientists  is  not  proved  by  this  study,  yet  the 
contention  that  great  oil  deposits  are  gener- 
ated from  iron  carbides  is  strongly  born  out 
by  a  study  of  the  map  of  magnetic  disturb- 
ances in  the  United  States.  The,  map  shows 
that  petroleum  is  intimately  similar  to  those 
arising  from  the  neighborhood  of  substances 
possessing  sensible  magnetic  properties,  such 
as  iron,  nickle,  cobalt  and  magnetite. 


"TAYLORISM" 

The  following  appears  in  The  Engineer, 
London : 

Sir, — The  industrial  system,  upon  which 
modern  civilisation  is  supposed  to  be  founded, 
presents  many  features  to  which  the  philosoph- 
ical critic  may  take  exception ;  but  whatever 
these  faults  may  be,  he  is  sure  to  find  that  the 
United  States,  as  the  more  "go-ahead"  nation, 
have  gone  one  better  (or,  rather,  worse).  Your 
article  on  "Taylorism"  in  America  reveals  a 
peculiarly  hideous  method  of  dehumanisation, 
and  it  is  sincerely  to  be  hoped  that  no  such 
false  economy  will  be  introduced  into  British 
workshops.  We  want  men  to  be  men  and  not 
machines. 

Immo  S.  Allen. 

London,  22nd  Mav. 


DANGEROUS  SAFETY 

Patrick  Eustice  and  John  Murray,  struc- 
tural steel  erectors,  working  in  the  Heisen 
building,  now  being  erected  at  Chicago,  starred 
in  a  somewhat  remarkable  episode  recently. 
Eustice,  who  was  working  on  the  20th  floor, 
lost  his  balance  and  slipped  from  a  girder. 
Murray,  working  on  the  19th  floor,  saw  his 
companion  fall  and,  holding  on  to  a  girder 
with  one  hand,  he  leaned  far  out,  and  with  his 
free  arm  grasped  the  falling  man  by  the  blouse. 
He  was  not  able  to  hold  the  weight,  but  gave 
the  body  a  descending  swing  inward  and  the 
latter  landed  on  the  i8th  floor,  practically  un- 
hurt. 


NOTES 

J.  M.  Betton,  manufacturer  of  the  Druck- 
lieb  Injector  Sand-Blast  Apparatus,  has  re- 
moved from  178  Washington  street  to  14  Park 
place.   New   York   City. 


The  Southern  Pacific  is  about  to  commence 
the  construction  of  a  6-mile  tunnel  under  the 
Sierra  Nevada  Mountains  between  Cisco  and 
Donner,  Cal.  There  will  then  be  a  reduction 
in  grade  and  distance  to  San  Francisco  and 
present  troubles  due  to  snow  will  be  elmini- 
ated. 


Dredge  No.  86,  is  now  pumping  through  the 
longest  line  of  discharge  pipe  ever  laid  on  the 
Isthmus,  and  one  of  the  longest,  without  re- 
lay, of  record.  The  pipe  from  the  dredge  to 
the  fill  at  Colon  hospital  is  7,150  ft.  long.  The 
material  is  delivered  by  the  20-in.  pump  with- 
out a  relay.  The  pipe  is  laid  on  level  ground, 
and  the  pressure  required  runs  up  to  70  lbs. 


The  sand-blast  has  been  used  in  Germany 
for  testing  granite,  marble,  the  various  woods, 
linoleum  and  other  materials  used  in  the 
construction  and  furnishing  of  buildings.  The 
samples  are  subjected  for  about  two  minutes 
to  the  action  of  a  blast  of  fine  quartz  sand  un- 
der a  pressure  of  two  atmospheres,  the  results 
showing  the  resisting  powers  of  the  substances 
to  the   effects   of  wear. 


A  new  coal-dust  extractor,  consisting  of  a 
combination  of  pressure  air  jets  worked  by 
electricity  directed  upon  the  surface  to  be 
cleaned  in  order  to  raise  the  dust,  and  the 
simultaneous  withdrawal  of  the  dust  by  suc- 
tion, has  been  given  a  successful  demonstration 
by  a  Scottish  electrical  engineer,  following  a 
series  of  experiments  conducted  during  the 
past  winter. 


In  the  discussion  which  followed  the  reading 
of  the  flying  machine  paper  which  we  present 
in  this  issue,  the  author,  Mr.  Stephens,  stated 
that  "the  flying  machine  of  to-day,  crude  as 
it  is,  is  capable  of  carrying  a  heavier  load  in 
proportion  to  its  weight  a  given  distance  at  a 
greater  speed,  with  less  power  and  fuel  con- 
sumption, than  the  perfected  automobile." 


A  few  years  ago  the  man  who  owned  a  cot- 
ton gin  was  required  by  law  to  burn  his  pile 
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of  refuse  seeds  every  week.  To-day  we  traiis- 
forin  those  niamire  heaps  into  fifteen  prime 
products  (and  any  number  of  speeialities), 
bringing  in  an  annual  income  of  $5o,ooo,cxx). 
Fifty  million  dollars  for  a  stench !  And  ninety 
per  cent,  of  those  cotton-seed  products,  in  this 
enbghtencd  age,  \vc  cat. 


In  making  the  borings  for  the  proposed 
new  dry  dock  at  Balboa,  Panama  Canal,  there 
was  recently  brought  out  a  drill  core  of  solid 
rock  ;  6  ft.  6  ins.  in  length,  and  i  in.  in  diame- 
ter. The  core  consists  of  the  hardest  kind 
of  trap  rock,  without  the  least  change  in  color 
or  grain  from  end  to  end.  It  is  believed  that 
this  is  the  longest  core  of  the  kind  that  has 
e\er  been  produced  intact  on  the  Isthmus. 


In  1908  there  were  1659  mechanical  coal  cut- 
ters in  operation  in  414  mines  in  the  United 
Kingdom.  In  1909  there  were  1,691  machines 
working  in  420  mines.  About  5  per  cent,  of 
the  total  coal  output  of  the  United  Kingdom 
is  machine  cut  (13,508,510  gross  tons  in  1908 
and  13.728,902  tons  in  1909).  Electrical  cut- 
ters predominate  in  Scotland,  while  com- 
pressed-air machines  are  favored  in  Wales, 
West    England    and    Ireland. 


A  resolution  urging  the  Federal  bureau  of 
mines  to  take  immediate  steps  toward  conser- 
vation of  natural  gas,  and  asking  that  this 
product  be  placed  in  the  mineral  class  was 
passed  at  the  sixth  annual  convention  of  the 
Natural  Gas  Association  of  America,  at  Pitts- 
burg, Pa.  Prof.  William  T.  Magruder,  of 
Ohio  State  University,  was  the  father  of  the 
resolution ;  he  presented  it  at  the  close  of  an 
address  on  the  needs  of  engineering. 


A  pneumatic  concrete  spraying  machine  for 
coating  surfaces  with  concrete  mortar  has 
been  sent  to  the  Isthmus  by  the  General  Ce- 
ment Products  Company,  and  it  will  be  tested 
for  a  period  of  30  days  in  coating  the  surface 
of  rock  in  Culebra  Cut,  for  the  purpose  of 
preventing  deterioration.  Much  of  the  rock 
in  the  Cut,  which  is  hard  and  firm  when  first 
excavated,  crumbles  rapidly  on  exposure  to 
the  air. 


eandle-powi  T  biing  n(|uired.  A  pressure  of 
54  in.  of  water  is  obtained  by  rotary  com- 
pressors. The  inverted  lamj)s  v^iry  from  60  to  l,- 
500  candle-power  per  single  burner,  and  are  said 
to  have  an  efficiency  of  (ro  candle-power  per  cubic 
foot  of  gas,  a  result  due  not  only  to  the  high 
pressure,  but  also  to  a  pre-heating  device,  by 
which  the  gas  and  air  mixture  is  warmed  be- 
fore entering  the  burner. 


An  article  of  considerable  interest  to  the 
world  of  aerial  navigation  for  "heavier  than 
air"  as  well  as  "lighter  than  air"  craft  is  the 
new  metal  known  as  Liege  metal.  It  is  said 
to  be  40  per  cent,  lighter  than  aluminum,  its 
specific  gravity  being  only  1.762.  Its  surface 
is  grayish-white,  reflecting  rays  analogous  to 
those  of  poorly  worked  aluminum.  The  fol- 
lowing is  its  composition :  Aluminum,  0.04 
per  cent. ;  iron,  o.oi  per  cent. ;  zinc,  0.44  per 
cent. ;  sodium,  0.21  per  cent. ;  magnesium,  99.3 
per  cent. 


At  a  mine  in  Yorkshire  recently  a  man  had 
his  foot  blown  off  by  a  high  explosive  under 
peculiar  circumstances.  The  detonator,  had 
ignited  the  explosive  but  did  not  raise  it  up 
to  explosive  detonating  pressure,  resulting  in 
the  explosive  burning  in  the  hole  until  suffi- 
cient force  had  been  gathered  to  blow  out 
the  stemming.  After  this  had  been  done,  the 
deputy,  noticing  a  glare  as  from  fire,  went 
to  the  scene  and  found  something  burning  on 
the  floor.  He  put  his  foot  on  it,  and  it  blew 
his  foot  off  immediately.  It  seemed  that  the 
explosive  must  have  been  nearly  up  to  the 
proper  explosive  point,  and  the  action  of  the 
man  in  putting  his  foot  upon  it  evidently  com- 
pleted the  necessary  process. 


The  machine  shops  of  the  Caledonia  Rail- 
way Company.  St.  Rollox,  Scotland,  are  light- 
ed by  an  installation  of  compressed  gas.  112.000 


A  new  method  for  dr3nng  humid  walls,  says 
The  Master  Builder,  devised  by  a  Belgian 
architect,  consists  of  embedding  inclined 
porous  tubes  in  the  walls,  the  direc- 
tions of  the  tubes  being  perpendicular  to  the 
wall  surfaces.  By  capillary  action  these  tubes 
continually  absorb  moisture  from  the  wall,  for 
the  air  which  they  contain,  being  in  the  same 
hygrometric  condition  as  that  of  the  interior 
of  the  building,  is  relatively  dr}-,  and  readily 
takes  up  moisture.  The  act  of  vaporizing  en- 
suing therefrom  reduces  the  temperature  of  the 
air  passing  from  the  tube  and  being  constant- 
ly   replaced    b}'    drier    and    warmer    air.      The 
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tubes  are  placed  sufficiently  close  together  to 
leave  no  intervals  between  their  zones  of  in- 
fluence. In  new  buildings  the  places  for  the 
tubes  are  left,  but  the  tubes  themselves  are 
not  inserted  until  the  mortar  has  set. 


For  extinguishing  oil  fires  where  water  is 
both  ineffective  and  dangerous,  frothy  liquids 
have  been  recommended.  In  a  late  test,  near 
Hamburg,  a  mixture  of  one  quart  each  of 
caustic  soda  and  alum  solutions  yielded  15 
quarts  of  a  yellowish-white  foam,  having  a 
density  of  0.14,  and  this  could  be  sucked  -up 
and  distributed  like  water  by  a  hose.  A  base- 
ment of  30  square  feet,  filled  with  benzine  to 
2oin.,  was  fired,  and  was  extinguished  in  78 
seconds  with  18  gallons  of  the  frothy  mixture, 
and  a  burning  benzine  tank,  6ft.  in  diameter 
and  9ft.  high,  was  extinguished  in  13  sec- 
onds. The  benzine  was  little  effected,  burn- 
ing as  usual  after  removal  of  the  froth. 


The  melting  of  metals  in  vacuum  is  the 
ideal  method,  because  oxidation  is  prevented 
and  gases  present  in  the  metal  are  expelled 
from  it.  While  it  has  long  been  known  that 
the  method  of  melting  metals  in  a  vacuum 
gave  superior  results  in  the  final  product,  the 
method  has  been  limited  to  very  small  quan- 
tities of  metal,  due  to  the  difficulty  of  carry- 
ing it  out  in  practice.  Metals  which  ordin- 
arily are  considered  as  brittle  substances,  and 
incapable  of  being  rolled  or  drawn,  can  be 
produced,  by  melting  them  in  vacuum,  in  a 
malleable  or  ductile  condition.  Examples  of 
such  metals  are  tungsten  and  tantalum,  which 
in  this  way  can  be  made  in  the  form  of  wire, 
and  are  used  to  a  great  extent  in  the  new 
incandescent   electric   metallic   filament   lamps. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  Hve  cents  {not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

JUNE    6. 

994,106.     AEROPLANE.     William  Boyd  Alex- 
ander, Montreal,  Quebec,  Canada. 

994,118.       PNEUMATIC    BULB     FOR    HORNS. 
John    A.    Broadfield,    Philadelphia,    Pa. 

994,144.        MUCK      SHOVELING,      CATCHING, 
AND  CONVEYING  APPARATUS  FOR  TUN- 
NELING-MACHINES.       George    A.     Fowler, 
Denver,    Colo. 
1.    A  pneumatically  operating  muck  conveyer  for 

tunneling  machines,   comprising  a   closed  casing 


having  an  opening  in  its  top  near  the  forward 
end,  a  shoveling  lip  having  a  closed  top  por- 
tion extending  beyond  said  opening,  a  discharge 
aperture  at  the  opposite  end  of  the  casing, 
a  perforated  plate  extending  beneath  said  open- 
ing into  said  top  portion  and  means  for  sup- 
plying compressed  air  beneath  said  plate,  the 
perforations  of  said  perforated  plate  being  ar- 
ranged to  direct  said  air  to  move  said  muck 
from  said  shoveling  lip  through  said  casing 
and  discharge  it  from  said  discharge  aperture. 
994,160.          COAL-WASHING       JIG.         Albert 

Charees   Hoecker,    CoUinsville,    111. 
994,167-8.       FLUID-PRESSURE     REGULATOR 

Carl  G.    Koppitz,    Youngstown,   Ohio. 
994,197.      AIRSHIP.      Henry    P.    Rhett,    Hemp- 
stead,   N.    Y.    . 
994,202.      AIRSHIP   CONSTRUCTION.      GUSTAV 

SCHEEL,    New    Ycrk,    N.    Y. 
994,220.      FLUID-PRESSURE    BRAKE.      Wal- 
ter V.   Turner,  Edgewood,   Pa. 
994,255.      AUTOMATIC    SPRINKLER   SYSTEM. 
Almon    M.    Granger,    Medford,    Mass. 
1.  In    an    automatic    sprinkler    system,    a    dis- 
tribution    pipe     provided     with     sprinkler-heads, 
ineans   connected  with    said   pipe   to    supply   the 
same   with   water   under   pressure,    a    connection 
to   said  distribution  pipe  for  charging  the  same 
with  air  under  pressure,  a  valve  in  said  connec- 
tion,   and    a    by-pass    around    the    valve    of    less 
area   than   the   outlet   of  the   sprinkler-head. 
994,294.       OZONE-GENERATOR.       Eugene    P. 

Woillard,   Los  Angeles,   Cal. 
994,322.        CASE-HARDENING.        Adolph      W. 
Machlet,    Elizabeth,   N.   J. 

1.  The  combination  with  an  apparatus  for 
compressing  air  and  producing  carbon-monoxid 
therefrom,  of  a  case-hardening  retort  having  a 
vent  and  provided  with  heating  means  and  con- 
nected to  said  producing  apparatus,  and  an 
oil  tank  connected  between  the  producing  means 
and  the  retort,  to  cause  the  carbon-monoxid 
to  pass  through  the  oil  in  flowing  to  the  re- 
tort ;  the  connection  being  continuous  from  said 
air  compressing  apparatus  to  said  vent,  to  en- 
able the  former  to  force  the  carburizing  gas 
to   flow   through   the  retort. 

994,335.        PUMPING     SYSTEM.       Elijah     H. 
Perkins,  Dinuba,  Cal. 

1.  A  pumping  system,  comprising  a  main  well, 
a  number  of  auxiliary  wells,  means  for  siphon- 
ing water  from  the  auxiliary  wells  to  the  main 
well,  said  mains  consisting  of  vertically  dis- 
posed pipes  in  each  of  said  wells,  a  horizontally 
disposed  pipe  connecting  the  upper  ends  of  said 
vertical  pipes,  pumping  means  for  drawing  air 
from  the  siphon  through  a  pipe  connected  with 
said  horizontally  disposed  pipe,  a  casing  dis- 
posed in  the  main  well  on  the  lower  end  of  the 
siphon,  pumping  means  connected  to  said  cas- 
ing, and  a  foot  valve  in  said  casing  opening 
to  the  main  well. 
994,339.      AERIAL    MACHINE.      Paul    Seiler, 

San   Francisco,    Cal. 
994,344.      PNEUMATIC    TRANSMISSION    SYS- 
TEM.     Joseph   J.    Stoetzel,    Chicago,    111. 
994,417.      AERODROME.      Nathaniel   L.    May- 
hew,   Beaumont,   Tex. 
994,422.      MACHINE    FOR    MANUFACTURING 
GLASSWARE.       Frank    O'Neill,    Zanesville. 
Ohio. 

994,481.      AIR-VALVE.      Frederick    H.    Sauer, 
New    York,    N.    Y. 

994,522.       COMBINED     PUMP  AND  AERATOR. 

Robert  W.  Kelley,  deceased,  Atchison,  Kans. 
994,555.      PROCESS    OF    CONDENSING    MILK. 

James  Christian  Alexander,  Roseburg,  Oreg. 

1.  The  herein  described  process  of  concen- 
trating milk,  which  comprises  the  placing  of 
the  milk  in  a  closed  receptacle,  creating  a  vac- 
uum within  the  receptacle  to  remove  the  air 
from  the  milk,  agitating  the  milk  after  the  vac- 
uum is  created  and  the  air  removed  from  said 
milk  whereby  such  agitation  will  not  cause 
the  milk  to  foam,  and  applying  a  freezing 
medium  to  the  exterior  of  the  receptacle  to 
cause  the  water  in  the  outer  portion  of  the 
mass   of   the   milk   to  freeze,    the   other  elements 
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of   th«>  said   out«r  i>«>iti(in   of   tlir   milk   iH-coiniiit; 
mlx«'tl    with    tlif    uiiridzrii    mllU. 
994. tni.        MKANS      I'OU      IlAISlNll      STNKKN 
VIOSSIOLS.        JAMKS     SKy\TSCM  kokf.     St.     I'ftcrs- 

bmx.    Hiisslii. 

2.  In  an  appaiatus  for  ralsiiiK  sunki-n  vrsstls. 
an  air-  and  watfi-prttof  case  fonin-il  of  ilcxi- 
blo  matt  rial  ami  made  of  a  size  and  shape  cor- 
I  t"Si>«»ndiMMf  to  thr  vcssrl  ovt-r  whose  iipp'"'"  I>oi- 
tioii  it  is  to  hf  applied,  ropes  havliiK  lasteiiiiiK 
devices  and  adapted  to  be  passt-d  around  the 
vesst-l  leiiRthwise  tlu-H'ttf  and  over  the  lower 
odKt*  nf  the  ease  for  clamping  the  case  tij^htly 
to  the  ludl.  and  water  and  air  pipes  formitiK  :>n 
attadnnent  of  the  upper  portion  of  the  cas«', 
as  shown  and  described. 
y'.M.HTit.        AlU-LII'T     I'^OR     AGITATORS     FOR 

ORE   OR   OTinOU    MATERIALS.      Leon   Paul 

Kii>LS,   Tuolumne,    ("al. 

Jl'XE     13. 

994.74:1.  POWER-OPERATED  PERCUSSIVE 
TOOL.  Charles  Herman  Haeseler,  Phila- 
delphia. Pa. 


intr),ii::.     \va  ri:u-Lii"r  and  aik-compres- 

SOll.      Ransom    V.    Uovia:,    I  )enver,  Colo. 
lt!tr..li:i.      Co.MI'KIOSSoK.      James    IT.    Denton, 
ISIllwaukec.   WlH. 

!titr.,i:{r).     calculatinc-machinio.     aicthur 

William     IIakicih,     IJirmhiKham,    lOuKland, 

1.  In  calculalln;?  machines,  the  combination 
with  a  pluralit.v  of  indicalliiK  disks,  of  a  phi- 
ralit.v  of  reciprocator.v  elements  rotating?  the 
disks.  i>)irii  i)i(tti<<ill)i  opr  rated  actuathiK  :ind 
controllliiK  niet;hanisni  for  .'^.aid  elenicntH,  and 
manuall.v  opi-rated  controlling  mechanism  for 
said  pneumatically  operated  mochanlsm,  sub- 
stantiall\'  as  described. 
ttHr..l4S.       etc II IN*;- MACHINE.       FREDERICK    PI 

Johnston.    I'ittsbuiK.    Pa. 

3.  An  etchiiiK  machine  comprising  a  casing, 
erodent  spra.vers,  water  sprayers,  air  suppbi 
means  common  to  the  erodent  and  water  .spray- 
ers, and  a  plate  holder  rotatable  within  the  cas- 
iuK  ;ind  a<]apted  to  supi)oit  a  plate  within  th^j 
lanKi'  of  all  of  said  spra.vers, 
995,210.     ROCK-DRILL.     THOMAS   EDGAR  ADAMS, 

Cleveland,    Ohio. 


Pneumatic  p 
George    Kun- 


Paton,    Car- 


994,757.       FLYING-MACHINE 

ICKE,    New   York,    N.    Y. 
994,782.      AEROPLANE.      Robert 

rington,   N.    D. 
994,806.   GLASS-MOLDING  APPARATUS.  John 

J.    Wanko,    Westport,    Md. 

2.  In  a  glass  blowing  apparatus,  the  combina- 
tion with  a  blank  mold,  and  a  vertically  mova- 
ble forming  plunger,  of  an  air  supply  pipe  ar- 
ranged above  the  level  of  the  mold,  and  a 
discharge  nozzle  carried  by  said  pipe  and  pro- 
vided with  ducts  for  respectively  discharging 
blasts  of  air  at  different  angles  therefrom  and 
respectively  against  the  surface  of  the  plunger 
and  downwardly  into  the  forming  cavity  of  the 
mold. 
994.966.  FLYING- MACHINE 

WooDixGTON,    Folcroft,    Pa. 
995,004.      AERIAL   MACHINE. 

man,    San   Francisco,    Cal. 
995,033.       AIRSHIP.       Earl    M. 

mento,  Cal. 

995,060.       AIR-LOCK    FOR     CAISSON-SHAFT- 
ING.    Charles  P.  Downing.  New  York,  N.  Y. 


James      "W. 

John  A.  Hoff- 

Ralls,     Sacra- 


atents  June  6. 

995,248.        DEEP-WELL      PUMP.        Peter      J. 

Gildea,   San  Francisco,  Cal. 
995,361.       AERIAL     MACHINE.       Emil     Losse, 

Villeneuve-St.-Georges,    France. 
995,401.     UNLOADING   DEVICE.      Herbert  W. 

Cheney,  Milw^aukee,  Wis. 

JUNE  20. 

995,502.  AUTOMOBILE-WHEEL  WITH  PNEU- 
MATIC AND  SPRING  HUB.  Charles  E. 
Wade,  Masonville,  and  Charles  J.  Larger- 
w^ALL,   New  York,   N.   Y. 

995,510.      METHOD    OF    PRODUCING    TRANS- 
PARENT   CAMPHOR    IN    SHAPED    PIECES. 
Otto  Rudolph   Daniel  Witt,    Hamburg,   Ger- 
many. 
Method   of   producing   transparent  camphor   in 

any    desired    shape    consisting    in    pressing    the 

camphor  in  vacuum  of  a  suitable  degree. 

995,513.  APPARATUS  FOR  DRYING  AIR. 
Paul    W^urth,     Luxemburg.     Luxemburg. 

995,518.  PNEUMATIC-DESPATCH-TUBE  AP- 
PARATUS. Louis  G.  Bartlett,  Somerville,. 
Mass. 
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995,550.  FLYING-MACHINE.  George  Fran- 
cis   Myers.      Columbus,    Ohio. 

995,557.  FREIGHT  VESSEL.  August  J. 
Peebles,   Molson,  Wash. 

995,593.  PNEUMATIC  TOOL.  George  H.  Gil- 
man,  Claremont,  N.   H. 

995,614.  VALVE  MECHANISM  FOR  ROCK- 
DRILLS.  FORDYCE  C.  LooMis,  New  Phila- 
delphia, Ohio. 

995,678.  POWER-RAMMER.  Frank  W.  Hud- 
son,  East   St.   Louis,   111. 

995,721.  DRIER  FOR  PAPER.  Alva  C.  Rice, 
Worcester,   Mas. 

995,750.  AIRSHIP.  LINCOLN  WINTERS  and 
Samuel    Hofstetter,    Freeport,    111. 


ENTs  June  21. 

995,815.       AIR-COMPRESSOR.       Robert     Tem- 
ple, Denver,  Colo. 

995,819.      FLYING-MACHINE.      James    Lester 
Walker,  Eagle  Point,  Oreg. 

995,832.      AIR-BRAKE   COUPLING.      Robert  A. 
Winton,    Bowie,    Tex. 

995,861.  PNEUMATIC  PIPE-COUPLING.  James 
Edward    Gleason,    Loekport,    111. 

995,969.    APPARATUS    FOR   VACUUM-CLEAN- 
ERS.     Beecher   W.    Junk,    Toledo,    Ohio. 

995,998-9.      APPARATUS    FOR    COATING    OB- 
JECTS    WITH     SUBDIVIDED      MATERIAL. 
Franklin  F.    Bradley,   Chicago,   111. 
1.  Apparatus    for    coating    objects    with    sub- 
divided   material   carried  by  air   including  a   re- 
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crptacl*'  for  till-  ol>J«'cts  having  an  <iilniiUH' 
(•pt'iiliiK  for  tlio  «)l»jt'cts ;  and  mt'chanlHin  for  ««f- 
f»'CtlM»f  tlio  forctnl  passa^i*  of  air  within  Uw 
r«>ct'ptach\  th«'r<>  l)rlas:  prt>H»»nt  a  rrstrlctcd 
opcnitiw:  for  tlu'  «'Xit  of  air  from  tlic  irccptaclt> 
intfiior  to  tho  rxttM'iial  air.  said  iiHoiianisin 
opt'ratiiiK  to  draw  air  from  tiir  rxt<Mior  of  tlie 
rfocptac'ic  in  a  «Hn>ctlon  from  tlic  afor»>sai(l 
»iitraiu>>  oponinw:  toward  tlic  afonsaid  exit 
optMiiiiK'.  wli»>n>l)y  tlio  oHcape  of  mat«'rial-ladon 
air  throu^rli  said  rutranco  oponlnj?  is  inattMially 
pi*'v»'utt>d. 

'.•ltr).04i:.      TRKATMIONT    OF    POROUS    STRUC- 
TURES.    Jason  C.  Mookk,  Jon«'spoltit.  N.  Y. 
2.  The   process  of   treat Imk   a    porous    material 


moIl»ii  slaK  Into  a  closetl  chamber  at  approxi- 
mately th«'  top  of  the  same,  and  Ktannlating 
(lie  same  by  a  Jrt  (»f  all-  tmdfi-  lii^li  pressure, 
causing  It  to  fall  In  a  ^franulat.-d  condition 
to  tin-  bottom  of  the  chaml)er,  and  passlnjf  the 
l)Iast  of  air  to  be  heated  throuKh  the  falling 
paitlclcs.  substantially  as  described 
!•:»•;.  I  .{f..       SAFKTY    lUtKATHINr,    AIR- ARMOR 

(IicoiMiK    I'oK.    Norfolk.    \'a. 
I)I)«.lfi().       BI.OWER.       JosKPH     J.    Stockbr,    St. 

Louis,    Mo. 
OnG.lSti.      APPARATUS    FOR   BLOWING   SOOT. 

Thomas   F.    Wmri:,    Philadelf)hla.   Pa 
99G.194.        TILT-HAMMER.        Hugo     Averduno, 

lIuckeswaKcn,   Germany. 


zzsm 


pooo^oooooo 


Pneumatic  Patents  June  27. 


as  concrete  subjected  to  the  action  of  water 
which  consists  first  driving  back  the  incoming 
water  by  a  column  of  air  under  pressure,  sec- 
ond following  the  same  by  a  column  of  water- 
proofing fluid  under  pressure  and  their  prevent- 
ing the  escape  of  the  fluid  so  introduced  by  a 
suitable  counter  pressure  around  the  area  of  ap- 
plication. 

JUNE  27. 
996,106.         AERONAUTICAL        CLINOMETER, 

James  Means,   Boston,  Mass. 
996,127.     LIQUID-COOLER.     William  E.   Pat- 
NAUDE,   Merrimac,   Mass. 

2.  In  a  cooler  of  the  type  described,  the  com- 
bination   of    a    liquid    cooling    receptacle    having 
a    cover    hermetically    fitting    the    receptacle,    an 
inverted    container    having    an     air-tight     com- 
munication with  the  receptacle,  a  vent-pipe  hav- 
ing one   end  within   the   container,   an   air   actu- 
ated valve  controlling  the  said  end  of  the  vent- 
pipe,  the  opposite  end  of  the  vent-pipe  communi- 
cating outside   of  the  container. 
996.132.         HEATING       AIR       FOR       METAL- 
LURGICAL    FURNACES.       Walter     George 
Perkins     and     William     Matthew     Barker. 
London,   England. 

1.  The  method  of  heating  blast  air  for  metal- 
lurgical furnaces,   which   consists   in   introducing 


996,217.  HUMIDIFYING  AND  AIR-MOISTEN- 
ING APPARATUS.  Stuart  W.  Cramer  and 
William  B.   Hodge,   Charlotte,  N.   C. 

996,321.  FLUID-OPERATED  FORCE-FEED 
LUBRICATOR.  Frank  W.  Edwards,  Logans- 
port,   Ind. 

996.337.  MACHINE  FOR  EXTERMINATING 
INSECTS.     Leonidas  C.  Hill,  Harlingen,  Tex. 

996,358.  PNEUMATIC        PRESSURE-GAGE. 

Ole  Olsen,   Fruitvale,  Cal. 

996,560.  APPARATUS  FOR  PURIFYING 
WATER  BY  OZONE.  Charles  S.  Bradley, 
New  York,  N.   Y. 

1.  The  combination  with  means  for  supplying 
water  and  means  for  supplying  ozone,  of 
means  for  materially  compressing  said  ozone 
by  the  water  while  in  said  water. 

2.  The  combination  with  means  for  supply- 
ing water  and  means  for  producing  ozone,  of 
means  for  introducing  said  ozone  into  said  wa- 
ter, means  for  materially  compressing  said  ozone 
isothermally  in  said  water  by  the  water,  means 
for  separating  the  resultant  gas  under  pressure 
from  said  water,,  means  for  expanding  said 
compresed  resultant  gas  adiabatically  and  means 
for  returning  the  expanded  resultant  gas  to 
said  ozone  producing  means. 
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AIR  COMPRESSOR  TESTING 

By    Frank    Richards. 

It  happens  probably  more  frequently  than 
otherwise  that  the  large  manufacturers  are 
not  to  any  great  extent  the  users  of  their  own 
products,  and  they  consequently  labor  under 
the  disadvantage  of  not  being  able  to  in- 
form themselves  except  at  second-hand  of  the 
condition,  efficiency  and  general  satisfactori- 
ness  or  otherwise  of  their  output.  Of  course, 
under  such  conditions,  if  special  precautions 
are  not  taken  and  means  of  obtaining  specific 
and  precise  information  are  not  adopted,  in- 
correct design,  unsuitable  or  defective  ma- 
terial and  bad  workmanship  may  pass  unde- 
tected, and  improvements  may  not  be  ex- 
pected to  be  developed. 

The  builders  of  air  compressors  may  be 
said  to  be  in  the  predicament  here  indicated, 
they,  of  course,  having  no  use  for  the  com- 
pressors they  build,  at  least  in  the  variety 
turned  out  to  suit  the  various  demands  as 
to  capacity,  pressure,  etc.,  and  accordingly 
the  experience  of  the  larger  and  longer  es- 
tablished builders  has  enforced  the  necessity 
of,  as  some  might  think,  going  out  of  the  way 
to  get  intimately  acquainted  with  the  work- 
ings of  their  own  machines. 

I  have  before  me  a  formal  and  elaborate  re- 
port by  Mr.  A.  Hoffman,  of  a  test  of  a  com- 
pound steam  and  two-stage  air  compressor 
made  at  the  shops  of  the  IngersoU  Rand  Com- 
pany, Phillipsburg,  N.  J.,  a  report  which 
would  be  welcomed  as  a  valuable  contribu- 
tion to  the  transactions  of  one  of  the  big  en- 
gineering societies.  Being,  however,  so  com- 
plete and  exhaustive  it  is  necessarily  in  the 
nature  of  a  confidential  and  inside  communi- 
cation to  the  company  and  cannot  at  present 
be  given  to  the  public. 


The  compressor  tested  was  of  the  follow- 
ing dimensions :  Steam  cylinders,  20  and  .38 
inch  diameter;  air  cylinders,  S3]4  and  20^4 
inch  diameter,  with  a  common  stroke  of  30 
inches  and  a  free  air  capacity  at  maximum 
speed  approximating  3,000  cubic  feet  per  min- 
ute. The  report  had  to  do  entirely  and  ex- 
clusively with  the  air  end  of  the  machine. 

VARIETY    OF    INDICATOR    WORK. 

The  indicator  cards  were  taken  on  differ- 
ent days  and  under  different  conditions.  The 
report  says :  "On  October  30,  the  indicating 
was  done  witlh  our  regular  reducing 
wheel  motion  on  the  Tabor  indicators,  while 
on  November  i  we  used  the  pantograph  re- 
ducing motion.  In  reference  to  the  relative 
merits  of  these  two  motions  I  can  say  that 
both  motions  would  give  accurate  cards,  only 
that  with  the  reducing  wheel  running  at  high 
speeds  defects  may  occur  in  the  cards  at 
both  ends  of  the  stroke,  that  is  in  the  re- 
expansion  curve  and  in  the  beginning  of  the 
compression  curve.  This  is  on  account  of  the 
backlash  when  stopping  and  starting  the 
string  at  the  ends  of  the  stroke.  With  the 
pantograph  this  trouble  does  not  exist,  be- 
cause the  motion  of  the  string  is  only  about 
4  inches,  but  even  with  the  pantograph  you 
have  to  be  careful  not  to  get  any  stretch  in 
the  string,  because  such  a  stretch  would  be 
such  a  large  proportion  of  the  total  move- 
ment. We  therefore  found  it  necessary  to 
use  wire  from  the  pantograph  motion  to  the 
indicator. 

"On  October  3d,  we  took  the  air  into  the 
compressor  simply  through  the  regular  at- 
mosphere intake,  taking  the  air  from  the 
shop,  but  on  November  i  we  attached  about 
8  feet  of  pipe  to  the  atmospheric  intake. 

"After  taking  the  cards  from  both  ends  of 
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botli  ;iir  cyindcrs  at  different  speeds,  we  also 
indicated  tlie  di.scharge  pipe  connections  from 
both  cylinders.  Thi^  was  done  l»y  making  an 
opening  on  the  low  pressnre  side  in  the  leg 
of  the  intercooler  and  piping  down  to  the 
inilicator.  On  the  high  pressure  side  an  open- 
ing was  tapped  in  the  water  trap  between  the 
intercooler  and  the  inlet  to  the  high  pressure 
cylinder  and  a  connection  from  this  opening 
made  to  the  indicator.  By  means  of  these 
pipe  indicator  cards  the  pressure  lo>s  was 
determined  between  the  discharge  of  the  low 
pressure  cylinder  and  the  inlet  to  the  high 
pressure  cylinder,  and  thus  the  pressure  drop 
through  the  intercooler.  The  results  of  this 
are  all  given  in  the  tabulation  at  the  conclu- 
sion of   this  report.'' 

This  tabulati(»n  or  summary  of  deductions 
from  the  testimony  of  the  indicator  cards, 
systematically  arranged  for  the  different  speeds 
and  the  various  delivery  pressures,  included 
some  JOG  items  preceded  by  the  mathematics 
and  other  particulars  involved  in  detail,  the 
whole  being  altogether  too  voluminous  for  re- 
protluction  in  the  ordinary  technical  journal 
and  also  containing  information  which  may 
become  the  basis  for  reliable  business  guaran- 
tees of  performance,  but  which  may  not  yet 
be  given  unrestricted  publicity.  I  am  permit- 
ted, however,  to  call  attention  to  a  section  of 
the  report  which  presents  some  novel  and  orig- 
inal investigation  of  the  operation  of  the  water 
jacket  and  the  accounting  for  the  heat  thereby 
abstracted  in  the  final  balance  of  power  ex- 
pended and  results  realized.  What  follows  is 
reproduced  verbatim  from  the  report. 

WATER  JACKET  DEDUCTION?. 

"I  have  given  what  is  called  the  heat  balance 
of  the  low  pressure  cylinder  at  io8  r.  p.  m..  and 
this  needs  some  explanation.  It  is  well  known 
from  the  principles  of  therodynamics  that  the 
foot  pounds  of  work  done  in  any  compressing 
cylinder  during  any  period  of  time,  say  one 
minute,  is  equal  to  the  increase  in  temperature 
caused  in  compressing  the  air  multiplied  by  the 
weight  of  the  air  and  the  specific  heat  of  the 
air.  all  multiplied  by  Joule's  equivalent  to  re- 
duce the  whole  thing  to  foot  pounds. 

"Tn  making  up  the  heat  balance  I  tried  to 
find  out  if  this  would  check  out  in  practice,  and 
I  find  that  it  does  most  excellently ;  in  fact  it 
checks  closer  than  we  would  expect  it  to. 

"If  the  above  is  true  the  work  done  in  the 


cylinder  must  be  equal  to  the  heat  given  to  the 
air.  cylinder  water  jacket  plus  the  heat  con- 
lainrd  in  the  air  after  leaving  the  cylinder 
above  the  tnnpirature  of  the  intake  air.  There- 
fore I  find  that  the  heat  given  to  the  jacket  is 
JO/O  H.  r.  r.  per  minute,  equivalent  to  48.8 
I.  11  V.  The  heat  contained  in  the  air  above 
the  intake  temperature  of  77  degs.  is  8320  B.  T. 
U.  per  minute,  equivalent  to  196.3  M.  P.  The 
total  B.  T.  V.  is  the  sum  of  these  two  quanti- 
ties, or  10.3CX)  B.  T.  U.,  equal  to  245  I.  H.  P. 
Theoretically,  this  total  should  be  equivalent 
to  the  actual  horsepower  indicated  in  the  low 
pressure  air  cylinder,  and  we  find  that  this 
horsepower  really  is  243,  which  is  also  equiva- 
lent to  10.300  B.  T.  U.  per  minute.  The  dis- 
crepancy, therefore,  is  only  equal  to  2.1  horse- 
power. We  would  expect  a  greater  difference 
than  this,  because  we  have  figured  the  actual 
amount  of  air  from  the  volumetric  efficiency 
of  the  indicator  card,  which  we  know  is  not 
absolutely  correct. 

"There  is  also  a  slight  discrepancy  due  to 
radiation  of  the  outside  air  into  the  water 
jacket,  but  this  is  very  slight  because  I  took 
the  temperature  of  the  water  leaving  the  jacket 
before  the  compressor  was  started,  and  as 
near  as  I  could  read  the  thermometer  it  was 
the  same  as  the  temperature  of  the  cold  water 
in  the  main. 

WATER  JACKET  COOLING  AFTER  THE  COMPRESSION. 

"Our  first  thought  would  be  that  there  was 
something  wrong  in  regard  to  these  results, 
because  they  show  that  about  20  per  cent,  of 
the  total  work  indicated  in  the  cylinder  w^as 
given  up  to  the  water  jacket,  and  according  to 
this  we  should  yet  considerably  better  than 
isothermal  compression,  which  of  course  would 
be  an  impossibility.  The  explanation  is  as 
follows : 

"Very  little  heat  is  given  to  the  water  jacket 
while  the  air  is  being  compressed,  because  the 
compression  begins  at  a  low  temperature,  and 
maximum  temperature  is  not  reached  until  the 
end  of  the  compression,  and  while  it  is  at  its 
maximum  temperature  the  piston  is  traveling 
very  fast  and  does  not  have  a  chance  to  give  up 
much  heat.  After  the  discharge  valves  open, 
however,  a  great  deal  of  heat  is  given  to  the 
i^ckets  because  during  this  whole  time  the  air 
is  p.t  its  maximum  temperature  and  it  also 
couT^c  in  intimate  contact  with  the  jacket  of 
The  air  cvlinder  head  in  passing  out  through 
the   valves ;    in    addition   to   this   the   piston   is 
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traveling  at  a  comparatively  slow  speed  toward 
the  end  of  the  stroke.  Some  heat  is  also  given 
to  the  jacket  while  the  air  is  passing  out 
through   the   discharge  passage. 

"This  explanation  is  sufficient  to  account 
for  the  large  amount  of  heat  given  to  the 
jacket,  and  it  shows  that  jackets  really  do 
more  good  than  is  usually  supposed.  Of 
course  heat  given  to  the  cylinder  jacket  while 
the  air  is  discharging  does  not  reduce  the 
work  in  the  cylinder,  but  merely  lowers  the 
temperature  of  the  air  and  raises  the  tempera- 
ture of  the  jacket  water."'  From  Pozver,  with 
additions  by  the   writer. 


CONDITION  OF  THE  GAS  IN  COAL 

In  some  cases  the  volume  of  gas  liberated 
from  broken  coal  is  greater  than  the. volume 
of  the  coal  itself — that  is,  of  the  actual  solid 
and  the  cellular  space  combined.  Several 
theories  have  been  proposed  to  account  for 
this  fact.  If  the  inclosed  gas  is  mechanically 
imprisoned  in  the  microscopic  pores  of  the  coal, 
it  must  be  under  a  pressure  greater  than  that 
of  the  atmosphere ;  otherwise  it  would  occupy 
after  its  escape  a  volume  less  than  that  of  the 
coal.  It  is  possible,  furthermore,  that  there  is 
a  continual  slow  formation  of  methane  by 
chemical  decomposition  of  the  coal,  or  it  may 
be  that  the  gas  is  held  in  a  state  of  occlusion — 
that  is,  either  dissolved  moecularly  or  absorbed 
upon  the  inner  surfaces  of  the  cellular  spaces. 
The  gas  which  escapes  from  coal  has  been  very 
often  called  "occluded  gas'',  but,  as  Chamberlin 
has  made  plain,  the  word  "occluded"  has  been 
loosely  used  in  this  connection,  and  the  radical 
difference  between  mechanical  imprisonment 
and  true  occlusion  or  condensation  has  been 
generally  overlooked. — Bureau  of  Mines. 


COSTS  OF    UNWATERING  WITH  THE 
AIR    LIFT* 

An  interesting  experiment  was  made  in  1910 
at  El  Cobre  Mines,  Cuba,  in  which  an  air  lift 
was  used  for  unwatering  the  mines. 

The  water  stood  at  the  200-ft.  level,  held  by 
two  Cameron  station  pumps.  The  shaft  was 
800  ft.  deep,  with  one  cage  road,  4X8  ft., 
open  to  the  800-ft.  level.  The  other  com- 
partments were  blocked  with  platforms.     The 


*From  p'T  article  by  E.  ^.  Emerson  in 
School  of  A-Iines  Quarterly  of  Columbia  Uni- 
ver.'-ity,  July,   191 1. 


water  was  acid,  and  contained  up  to  400  grs. 
Cu.  per  cu.  meter.  A  tunnel  from  the  50-ft, 
level  through  the  mountain  allowed  a  reduc- 
tion  in   the   head. 

Tests  showed  the  shaft  to  be  blocked  by  old 
timber  and  guides,  so  that  a  cone  was  made 
to  run  on  an  old  cable  guide,  lowered  in  the 
center  of  the  compartment  with  a  2-ton 
weight.  The  wood  pipe  was  built  upon  this 
and   lowered   as  put   together. 

The  wood  pipe  twisted  around  the  center 
cable  in  a  spiral,  so  that  it  had  made  a  com- 
plete turn  in  200  ft.  without  doing  the  slightest 
harm.  Three  columns  were  built  up  on  the 
cone  and  tied  together  with  new  iJ/^-in.  rope, 
which,  when  wet,  held  them  together  firmly. 
They  were  750  ft.  long,  each,  and  had  no 
support,  as  the  guide  and  lowering  ropes  were 
soon  eaten  off  by  the  water.  With  600  ft. 
under  water  and  150  ft.  above,  the  wood  col- 
umns were  nearly  floating.  After  being  water- 
soaked  they  became  very  heavy.  The  wood 
pipe  was  10  in.  inside  diameter.  Air  pipe  was 
2^-in.  iron  pipe,  which  was  thoroughly  tarred 
and  changed  as  it  was  eaten  by  the  water.  The 
high  limit  of  the  compressors  was  .140  lbs. 
pressure.  Two  pipes  were  used,  the  third  be- 
ing in  reserve  and  operated  in  case  of  breaks 
in  the  others.  The  out-flow  was  measured 
hourly  by  weir. 

The  head  at  the  start  was  150  ft.  submerg- 
ence of  air  pipe  50  per  cent.  Head  of  finish 
was  360  ft.,  with  39  per  cent,  submergence. 
The  water  removed  was  113,120,000  gallons, 
at  a  cost  of  7.434  cts.  per  1,000  gallons. 

The  pipes  averaged  950  gallons  per  minute, 
each,  or  105  cu.  ft.  of  air  for  100  gallons  of 
water. 

The  lowest  speed  was  with  a  360  ft.  head, 
1.500  gallons  per  minute  for  the  two  pipes,  or 
160  cu.  ft.  of  free  air  for  100  gallons  of  water. 

Second-  Stage. — After  reaching  the  400-ft. 
level,  a  2,000-gallon  pump  was  installed,  and 
the  discharge  of  the  blow  pipes  turned  into 
the  pump  sump.  Under  no  head,  one  lo-in. 
pipe  threw  2,200  gallons  per  minute  with  air 
cut  down.  This  was  the  pump  limit  on  a 
burst  of  speed. 

A  special  test  was  made  in  lowering  the 
water  for  seven  days.  The  results  were  as 
follows : 

SEVEN    days'     test    BLOWING    AND    PUMPING. 

Feet  lowered 57  ft.  6  in. 

Feet  lowered  per  day 9  ft.  2^/2  ir 
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dalloiis   per    It.    loworod 307,100 

Total    j;alh)ns    pimipcd 17,059,980 

Total   gallons   ijuihikhI  per   day J,5-'J,(;54 

Total  gallcMis  i)umpcd  per  luiinitc,..  1,750 

lload  at  start  on  blow  [)ipc Ji    ft.  ()  in. 

llcail  at  fuiisli  on  blow  i)ipo 79  ft. 

Average  head    50  ft.  3  in. 

Snbniergence    at    start..  179  ft.  =  89  per  cent. 
Submergence  at   rtnish..ioo  ft.  =  50  per  cent. 
Air  used,    100  lbs.   pressure. 
jyy-in.  air  i)ipe  inside   10-in.  wooden  pipe,  one 

pipe  only   used. 
4-'. 3  cu.  ft.  of  free  air  to  100  gallons  of  water. 
Cost;  J. 3-'  cts.  i)er   1,000  gallons. 

In  this  case  (he  pipe  was  limited  by  the 
capacity  of  the  pump.  3.500  to  4.000  cu.  ft. 
could  be  blown  from  the  one  pipe  with  1,000 
cu.  ft.  of  free  air.  The  actual  intiow  of  the 
mine  is  J13  gallons  per  minute. 

The  cost  per  i.ooo  gallons  by  blowing  down 
(x>  ft.  once  in  two  months,  and  pumping  the 
water  to  the  surface,  is  5.23  cts.  per  1,000 
gallons. 

The  cost  of  the  pump  alone,  working  under 
full  capacity,  is  2.91  cts.  per  1,000  gallons 
(with  labor  proportioned  to  the  blowing),  but 
handling  only  the  inflow  w^ith  pumps  of  small 
size  the  cost  was  8.3  cts.  per  1,000  gallons. 
There  is.  therefore,  a  saving  of  3.02  cts.  per 
1,000  gallons  by  the  combination  method  of 
holding  the  water  at  the  400-ft.  level. 

It  is  a  real  saving,  since  in  flood  time  the 
full  2.000  gallons  capacity  is  necessary,  and. 
therefore,  there  is  no  unnecessary  invest- 
ment. A  great  advantage  is  that  an  enormous 
sump  is  provided,  which  insures  against 
drowning  bv   the   sudden   floods. 


ELECTRICITY  IN   MINES 

The  following  we  extract  from  a  letter  to 
the  Colliery  Guardian  by  an  English  mine 
owner  and  Member  of  Parliament. 

I  have  always  made  it  a  rule  at  the  collieries 
with  which  I  am  connected  that  no  electricity 
shall  be  used  in  any  working  place  or  part  of 
a  mine  where  gas  is  present.  There  are  very 
few  men  in  this  country  who  have  installed 
more  electricity  in  mines  than  I  have,  and  for 
more  than  ten  years  I  have  been  continually 
raising  in  the  House  of  Commons  th^  question 
of  the  use  of  electricity,  believing  that  its  use 
ought  to  be  prohibited  in  all  mines  where 
cables  and  machines  are  working  in  an  at- 
mosphere   charged   with    gas. 

Protective  devices  are  all  very  well  as  far 
as    they    go,    but    all    mechanical    devices    are 


subject  to  accidents;  especially  .so  is  this  the 
case  where  the  .appliances  are  of  the  most 
delicate    eharaelir. 

1  have  never  yet  met  a  colliery  manager  who 
prefers  to  carry  electricity  into  a  working  face 
where  gas  is  present  if  he  could  have  a  supply 
of  compressed  air  for  coal-cutting  or  haulage 
purposes.  It  may  be  argued  that  V2  P^-'r  cent, 
of  gas  is  in  no  way  dangerous,  but  the  answer 
is  that  where  1 2  ()er  cent,  of  gas  is  present 
more  may  ai)pear  at  any  moment. 

Only  last  week  the  question  of  carrying 
electricity  in-bye  in  a  large  mine  in  the  intake 
airways  for  haulage  purposes  was  discus.sed 
at  the  board  meeting  of  one  of  my  companies. 
The  directors,  acting  under  the  advice  of  Mr. 
Charles  Rhodes  (their  consulting  engineer) 
unanimously  decided  not  to  use  electricity 
in-bye,  even  though  th.e  intake  airways  were 
free  of  gas,  owing  to  danger  from  dust,  and 
it  was  therefore  decided  to  use  compressed 
air — naturally  at  a  considerably  increased  cost 
— for  the  sake  of  safety. 

I  cannot  for  the  life  of  me  understand  how 
any  colliery^  people  can  claim  to  have  the  right 
to  work  coal  conveyors  and  coal-cutting  ma- 
chinery in  working  places  where  lamps  at 
times  are  put  out  owing  to  the  presence  of 
gas.  Where  electricity  is  used  and  gas  is 
present  there  is  always  a  grave  element  of 
danger.  The  industry  requires  to  be  protected 
against  madmen  and  idiots  who  deliberately 
take  this  risk.  Some  day  sooner  or  later — 
unless  the  law  is  altered  to  deal  with  these 
reckless  people —  an  explosion  will  occur,  and 
in  view  of  the  large  number  of  men  employed 
in  some  of  the  big  mines  of  this  country  the 
death  roll  might  be  so  appalHng  that  Parlia- 
ment would  have  no  hesitation,  and  rightly 
so,  in  having  electricitv  taken  out  of  all  mines. 


COMPRESSED  AIR  CONCRETE  MIXER 

The  Drake  Standard  Machine  Works,  1025 
West  Jackson  Boulevard,  Chicago,  have  man- 
ufactured the  Pneumatic  Conveying  Mixer, 
used  to  mix  and  convey  concrete  through 
pipes  to  place.  The  machine  is  an  invention 
and  patent  of  Mr.  S.  H.  McMichael. 

The  mixer  consists  of  a  hopper,  which  is 
kept  flush  with  charging  platform,  the  bottom^ 
of  which  is  provided  with  a  slide,  to  hold  the 
charge  until  it  is  ready  to  be  admitted  to  the 
mixer  proper.  This  consists  of  a  cast  iron 
chamber,  of  6  cubic  feet  capacity,  above  which 
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there  is  an  air  tight  rocker  valve,  which  is 
closed  when  the  charge  has  been  admitted. 
The  capacity  can  be  increased  to  24  cubic  feet 
by  fitting  on  a  cylindrical  extension.  The  bot- 
tom of  the  chamber  is  connected  to  the  pipe 
line  by  means  of  a  reducer.  When  the  charge 
has  been  admitted  to  the  chamber  through  two 
pipes,  one  of  which  is  connected  immediately 
below  the  valve,  to  secure  downward  pressure 
on  the  material  in  the  chamber,  and  the  other 
enters  the  pipe  in  the  ell  below  the  reducer, 
forcing  air  into  the  straight  section.  The  air 
entering  the  chamber  at  about  85  pounds  pres- 
sure, producing  an  initial  velocity  in  the  ma- 
terial of  about  35  feet  per  second.  The  ma- 
terial travels  in  the  pipe  mixed  with  nearly 
double  the  volume  of  air,  reducing  the  fric- 
tional  resistance.  The  frictional  resistance 
aids  in  mixing  the  concrete,  in  this  that  the 
outer  material  is  retarded  by  the  friction 
against  the  pipe  and  the  material  in  the  center 
travels  faster  than  that  on  the  outside.  As 
the  materials  travel  with  different  velocities, 
on  account  of  friction,  and  also  on  account  of 
the  difference  in  size,  surface  and  specific 
gravities  of  the  particles,  a  good  mixture  is 
secured. 

Limestone  of  ^-inch  size  is  used  for  aggre- 
gate. The  pressure  varies  with  the  distance 
of  delivery  of  concrete.  An  ordinary  type  of 
compressor  is  used  for  the  work.  This  type 
of  mixer  is  being  used  at  present  in  the  con- 
struction of  the  La  Salle  tunnel  in  Chicago. 


MEASUREMENTS  OF    SUBTERANEAN 
TEMPERATURE 

The  deepest  hole  in  the  world,  up  to  date,  is 
the  boring  begun  ten  years  ago  at  Czuchow, 
Silesia,  with  the  object  of  attaining  a  depth  of 
2,500  meters,  and  which  has  now  reached  a 
depth  of  2,240  meters  (7,349  feet).  The  bore 
is  44  centimeters  in  diameter  at  the  top,  and 
diminishes  progressively  to  5  centimeters. 
Measurements  of  temperature  have  been  made 
regularly.  At  2,220  meters  the  temperature  is 
83.4  deg.  C.  (182  deg.  F.).  This  gives  a 
"geothermic  degree"  (amount  of  descent  cor- 
responding to  a  rise  of  temperature  of  i  deg. 
C.)  in  31.8  meters.  The  change  of  temperature 
does  not  proceed  uniformly.  In  fact  an  inter- 
esting "temperature  inversion''  occurs  between 
the  depths  of  640  and  730  meters,  where  the 
temperature  actually  falls,  with  descent,,  about 
2  deg. — Scientific  American. 


A  GAS  LIGHTER  THAN  HYDROGEN 

The  studies  of  Dr.  A.  Wegener,  on  the  outer 
layers  of  the  earth's  atmosphere,  lead  him  to 
the  conclusion  that  in  these  outer  layers  there 
exists  a  hitherto  unknown  element  {Chem. 
Zeit.,  May  25,  1911).  This  element  must  be  a 
gas  lighter  than  hydrogen  and  possessed  of  but 
trifling  inertia,  as  meteorites  rush  through  it 
with  scarcely  diminished  velocities  of  about  30 
miles  per  second,  and  are  only  brought  to  in- 
candescence by  the  friction  of  the  denser  hy- 
drogen, which,  i:ccording  to  Hann  and  others, 
is  the  principal  constituent  of  the  atmosphere 
at  altitudes  of  40  miles  above  the  earth's  sur- 
face. 


PUFF  FOR  AN   INVENTOR 

Dope  fiend  and  degenerate,  his  faculties  be- 
fogged by  the  constant  use  of  "coke,"  David 
Brown,  a  member  of  Butte's  hophead  commun- 
ity, possesses  the  brain  of  what  might  have 
been  a  successful  inventor.  In  the  moments 
when  not  sodden  with  the  drug  Brown  has  per- 
fected a  plan  for  a  sanitary  wash  basin  by 
means  of  which  the  clogging  in  pipes  due  to 
the  present  stopper  can  be  eliminated.  The 
plan  is  simple.  There  is  a  platform  on  the 
floor  beneath  the  bowl  and  to  this  is  attached 
a  coiled  spring  which  runs  up  the  main  pipe. 
By  standing  on  this  platform  a  person  oper- 
ates the  spring  so  as  to  shut  out  the  outflow 
from  the  bowl.  When  the  weight  is  removed 
the  water  is  given  passage  and  allowed  to 
flow  out.  A  child's  weight  sufficies  as  well 
as  that  of  a  grown  person  to  operate  this  in- 
genious device,  for  which  the  inventor  claims 
he  has  obtained  a  patent. — Anaconda  Standard. 


WORLD'S  RECORD  IN  ROCK  DRILL- 
ING BY  HAND 

In  the  international  contest  at  Hancock, 
Mich.,  July  22,  the  hammer  and  drill  team  of 
Butte,  Mont.,  made  a  new  world  record  for 
drilling  into  solid  granite.  The  penetration 
was  59>^  inches  in  15  minutes,  w^inning  of 
$1,000,  offered  by  John  R.  Ryan,  president  of 
the   Anaconda   Copper   Company. 

The  previous  world's  record  was  56  inches 
made  by  the  Butte  team  a  year  ago.  The 
team  is  coposed  of  John  W.  McCormick, 
W.  J.  McLain  and  Michael  Kensella. 
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BUILDING  CONCRETE   DROP   SHAFTS 
IN    SHIFTING   SANDS 

By  p.  B.  McDonald. 

Ill  tlu'  past  few  years  there  liavo  Ihoii  a 
mimlK'r  of  concrete  drop  shafts  sunk  in  the 
Lake  Superior  iron  region,  notably  on  the 
Mesabi,  Cuyiina,  Swaiizi  and  Marquette 
ranges,  and  in  tlie  bituminous  coal  region  of 
the  eastern  and  middle  states.  It  seems  likely 
that  the  use  of  compressed  air  for  shaft  sink- 
ing will  gain  favor,  just  as  it  has  in  bridge 
pier,  tunnel  and  foundation  work. 

The  favorite  shape  for  the  outside  of  the 
shaft  is  that  of  a  circle.  At  first  the  inside 
also  was  made  circular,  and  after  partitions 
had  been  put  in  for  skip  ajid  cageways.  the 
odd  spaces  around  the  outside  were  utilized 
for  pipe.  Later  practice  makes  the  inside  of 
the  shaft  rectangular.  The  Rogers  shaft  at 
Iron  River,  Mich.,  is  29  ft.  outside  diameter, 
and  165/2  by  II  ft.  inside  at  the  bottom;  there 
are  three  6-in.  offsets  at  intervals  higher  up, 
to  allow  leeway  in  aligning  the  guides  for 
skips  .and  cages.  This  shaft  has  very  thick 
walls,  but  the  weight  is  needed  for  forcing  the 
cutting  edge  down  through  sand  and  boulders. 

The  principle  of  sinking  the  shaft  previous 
to  the  turning  on  of  compressed  air,  for  hold- 
ing back  sand  and  water  (and  most  of  them 
are  sunk  some  distance  before  the  latter  is 
necessary)  can  be  likened  to  standing  up  a 
foot  length  of  4-in.  pipe  in  the  sand,  and 
scooping  out  the  material  inside  with  a  spoon, 
so  that  the  pipe  sinks  gradually ;  more  lengths 
of  pipe  are  added  at  the  surface  as  the  first 
sinks,  and  the  dirt  and  pebbles  are  scraped 
away  from  under  the  high-side,  so  that  the 
tube  sinks  evenly.  The  shaft,  however,  is  a 
reinforced  concrete  casing,  with  a  pointed  steel 
cutting  edge,  and  the  dredging  is  done  with 
''clam  shells"  or  by  men  shoveling  into  a 
bucket.  The  "clam  shells"  are  used  whenever 
possible,  and  the  shaft  is  preferably  allowed 
to  fill  with  water,  so  that  the  dirt  is  washed 
in  from  under  the  shoe. 

The  steel  shoe,  made  in  sections  of  90  de- 
grees of  ^-in.  steel,  and  re-enforced  by  verti- 
cal cross  partitions  of  steel  plate,  held  riveted 
to  the  shoe  by  angle  irons,  may  be  3  or  4  ft. 
high.  The  sections  are  assembled  on  the  site 
of  the  shaft,  usually  in  a  hole  or  excavation 
dug  as  a  starter,  and  the  shoe  is  filled  with 
concrete. 

The  walls  are  built  up  above  the  shoe,  within 


circular  steel  forms  on  the  outside  .nid  light 
wooden  forms  on  the  inside  (if  the  interior  is 
reclangui.ir ) .  During  its  gradual  descent 
through  the  ovfrhiu'den.  the  shoe  may  bi-come 
considerably  bent  from  contact  with  boulders. 
When  the  solid  ledge  has  been  reached  con- 
crete is  added  to  the  pointed  cutting  edge, 
which  is  thus  filled  out  Hush  with  the  rectang- 
ular interior  of  the  shaft,  and  is  "sealed"  to 
the  rock. 

Re-enforcing  rods  in  the  concrete  are  of 
two  kinds ;  both  are  of  Jk-w.  square  steel  or 
iron.     The  vertical  rods  are  for  preventing  the 
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FIG.   X.     SECTION   OF   ROGERS   SHAFT. 

shaft  from  pulling  apart,  in  case  boulders  dig 
into  the  side,  and  hold  it  back  while  the  bot- 
tom portion  continues  to  drop  away.  At  the 
start  there  may  be  two  rows  of  the  vertical 
rods,  one  a  few  inches  from  the  outside  forms, 
and  one  row  near  the  interior  walls ;  they  are 
spaced  about  18  ins.  apart,  and  the  first  set  is 
usually  fastened  to  the  shoe. 

Later  as  the  shaft  nears  completion,  the 
inside  row^  is  usually  left  off,  and  the  outside 
row  is  spaced  at  intervals  of  3  or  4  ft.  The 
horizontal  re-enforcements  are  bent  in  the  arc 
of  a  circle,  and  are  laid  in  the  concrete  near 
the  outside  walls,  spaced  at  about  the  same 
distances  as  the  vertical  rods ;  they  are  for 
withstanding  pressure  from  without — that  of 
sand   and  water. 

The  concreting  mixture  should  contain  more 
cement  than  is  specified  for  ordinary  work,  be- 
cause in  the  case  of  a  porous  wall,  compressed 
air  will  leak  through,  and  later,  when  the  shaft 
is  finished,  water  will  leak  in.  In  loose  over- 
burden, after  compressed  air  has  been  turned 
into  the  shaft,  bubbles  of  the  air  can  be  seen 
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FIG.  2.     SCETCH  OF  SHAFT  SINKING  OPERATION. 


rising  out  of  the  ground  in  great  quantity, 
close  to  the  casing,  and  in  some  instances  as 
far  back  as  100  ft  from  the  shaft;  this  leaks 
through  the  walls  and  out  under  the  cutting 
edge. 

Preparatory  to  turning  on  compressed  air 
for  holding  back  sand  and  water,  a  timber 
deck  is  put  across  the  shaft.  Three  12-in.  lay- 
ers are  fastened  securely  in  a  groove  in  the 
concrete;  3-in.  planking  underlies  this,  and  is 
calked  tight  with  oakum.  Over  the  12  by 
12-in.  timbers  is  put  2  or  3  ft.  of  concrete.  In 
spite  of  this  6  ft.  of  caulked  timber  and  con- 
crete, air  will  leak  through,  .and  impervious 
clay  must  be  kept  plastered  on  the  under  side 
of  the  plank. 

When  air  pressure  is  turned  on,  the  work 
consists  of  digging  a  ditch  around  under  the 
shoe  a  foot  or  two  deep,  the  dirt  being  thrown 
in  the  center,  and  later  hoisted.  This  may  re- 
quire a  little  blasting  in  hard  ground,  but 
usually  pick  and  shovel  work  will  suffice ;  per- 
haps two  or  three  days  are  taken  (with  each 
man  working  say  two  40-minute  shifts,  in  24 
hours,   there  being   12  or    15   shifts). 


The  last  shift  comes  up,  the  air  is  let  sud- 
denly out  of  the  shaft  through  two  or  three 
exhaust  valves  opened  simultaneously  (pe- 
haps  4  minutes  being  taken  for  the  air  to  es- 
cape), and  the  casing  should  drop  down  an 
amount  equal  to  the  depth  of  the  ditch  dug. 
In  case  it  hangs  up  from  friction  on  the  sides, 
it  is  sometimes  necessary  to  explode  several 
sticks  of  dynamite  (in  the  water  which  has  run 
in),  for  shaking  or  jarring  the  casing  down. 
Occasionally  the  shaft  has  been  weighted  with 
pig  iron  or  wet  sand  for  forcing  the  cutting 
edge  through  the  loose  dirt,  which  runs  in  un- 
der the  shoe,  when  the  air  is  allowed  to  escape. 
The  air  is  blown  out  because  its  pressure  holds 
the  shaft  up  against  the  force  of  gravity.  The 
greatest  difficulty  encountered  in  the  whole 
process  is  from  skin-friction  on  the  sides  of 
the  shaft,  which  prevents  the  dropping  down, 
and  in  extreme  cases  the  casing  has  to  be  left 
hung  up,  and  a  concrete  appendix  built  from 
the  shoe  down  to  the  solid  rock.  The  incom- 
ing air  lines  are  often  encased  in  the  concrete 
walls,  especially  if  much  compressed  air  work 
is    anticipated.      When    the    pipes    merely    go 
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tliryinjli  ilif  timber  deck,  tlu-  air  lualid  liy 
c-cmprcssinn  makes  tin-  top  ol  tlu'  cliamlKr  al- 
most imlu-arably  lK»t.  so  that  not  infrfciiK'iitly 
the  men  are  overconu'  h\  tlU'  heal.  This  is 
particuhirly  Iial)K'  to  happen  to  the  man  who 
works  just  under  the  timber  deck  fjivin^  si^ 
iials   and   j;ni(bn>;   the   bucket    into   tlie   hole. 

I  1  his  hi)t  air  is  an  umieeessary  hardship  on 
the  nun.  .\n  al'tereooler  should  he  useil.  b'd. 
C.   A.    .M.| 

iMfty  pv>uiuls  oi  air  is  the  limit  o\  endurance 
for  men  to  work  in.  With  40  lbs.  pressure  per 
scpiare  inch  two  40-mimite  shifts  are  worked 
per  man  per  24  hours. — Condensed  from  Min- 
ing and  Hnginrcrini:;^    World. 


AIR  CONDITIONING    FOR  FACTORIES 

Bv  C.  E.  A.  W IX SLOW.* 

I  am  quite  frankly  and  coldly  treating  the 
operative  as  a  factor  in  production  whose  ef- 
ficiency should  be  raised  to  the  highest  pitch, 
for  his  own  sake,  for  that  of  his  employer,  and 
for  the  welfare  of  the  community  at  large. 
I  he  intimate  relation  between  the  conditions 
which  surround  the  living  machine  and  its 
efficiency  is  matter  of  common  experience. 
Contrast  your  feelings  and  your  effectiveness 
on  a  close,  hot  muggy  day  in  August  and  on  a 
cool  brisk  bright  October  morning.  Many  a 
factory  operative  is  kept  at  the  August  level 
by  an  August  atmosphere  all  through  the  win- 
ter months.  He  v^orks  listlessly,  he  half  ac- 
complishes his  task,  he  breaks  and  wastes  the 
property  and  the  material  entrusted  to  his 
care.  If  he  works  by  the  day  the  loss  to  the 
employer  is  direct;  if  he  works  by  the  piece 
the  burden  of  interest  on  extra  machinery  has 
just  as  truly  to  be  borne.  At  the  close  of  the 
day  the  operative  passes  from  an  overcrowded, 
overheated  workroom  into  the  chill  night  air. 
His  vitality  lowered  by  the  atmosphere  in 
which  he  has  lived,  he  falls  a  prey  to  minor 
illness,  cold  and  grip,  and  the  disturbing  ef- 
fect of  absence  is  added  to  inefficiency.  Back 
of  it  all  lurks  tuberculosis,  the  great  social 
and  industrial  disease  which  lays  its  heavy 
death  tax  upon  the  whole  community  after  the 
industry  has  borne  its  more  direct  penalty  of 
subnormal  vitality  and  actual  illness. 
The  remedy  for  all  this  is  not   simply  ven- 


*Associate  Professor  of  Biology,  College  of 
the  Citv  of  New  York. 


iil.ition  Ml  the  ordinary  sense  in  which  we 
have  come  to  understand  the  term.  Condi- 
tioning of  thi'  air  so  that  the  human  machmc 
may  work  under  the  most  favorable  condi- 
tutns.-this  is  one  of  the  chief  elements  of  in- 
dustrial efficiency  as  it  is  of  individual  health 
and   hap|)iness. 

1  he  chief  factors  in  air  conditi<jning  for 
the  living  machine,  the  factors  which  in  most 
cases  far  outweigh  all  others  put  together,  arc 
the  temperature  and  humidity  of  the  air.  Heat, 
and  particularly  heat  combined  with  excessive 
humidity,  is  the  one  condition  in  air  that  has 
been  proved  beyond  a  doubt  to  be  universally 
a  cause  of  discomfort,  inefficiency  and  dis- 
ease. Flugge  and  his  pupils  in  Germany  and 
Haldane  in  bZngland  have  shown  that  when 
the  temperature  rises  to  80  deg.  with  moder- 
ate humidity  or  much  above  70  deg.  with  high 
humidity,  depression,  headache,  dizziness  and 
other  symptoms  associated  with  badly  ventil- 
ated rooms  begin  to  manifest  themselves.  At 
78  deg.  with  saturated  air  Haldane  found  that 
the  temperature  of  the  body  itself  began  to 
rise.  The  wonderful  heat-regulating  mechan- 
ism which  enables  us  to  adjust  ourselves  to 
cur  environment  had  broken  down  and  an 
actual  state  of  fever  had  set  in.  Overheating 
and  excess  of  moisture  is  the  very  worst  con- 
dition existing  in  the  atmosphere  and  the  very 
commonest. 

The  importance  of  the  chemical  impurities 
in  the  air  has  dwindled  rapidly  with  the  in- 
vestigations of  recent  years.  It  was  long  be- 
lieved that  the  carbon  dioxide  was  an  index 
of  some  subtle  and  mysterious  "crowd  poison'^ 
or  ''morbific  matter."  All  attempts  to  prove 
the  existence  of  such  poisons  have  incon- 
tinently failed.  Careful  laboratory  experi- 
ments have  quite  failed  to  demonstrate  any 
unfavorable,  efifects  from  rebreathed  air  if  the 
surrounding  temperature  is  kept  at  a  proper 
level.  In  exhaustive  experiment  by  Benedict 
and  Milner  (Bulletin  136.  Office  of  Experi- 
ment Station,  U.  S.  Department  of  Agricul- 
ture). 17  different  subjects  were  kept  for  per- 
iods varying  from  three  hours  to  thirteen 
days  in  a  small  chamber  with  a  capacity  of 
197.6  cubic  feet  in  which  the  air  was  changed 
only  slowly  while  the  temperature  was  kept 
dow^n  from  outside.  The  amount  of  carbon 
dioxide  was  usually  over  35  parts  (or  eight 
to  nine  times  the  normal)  and  during  the  day 
when   the   subject  was  active  it  was  over   100 
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parts,  and  at  one  time  it  reached  231  parts. 
Yet  there  was  no  perceptible  injurious  effect. 
The  main  point  in  air  conditions  is  then  the 
maintenance  of  a  low  temperature  and  of  a 
humidity  not  too  excessive.  For  maximum 
efficiency  the  temperature  should  never  pass 
70  deg.  F.,  and  the  humidity  should  never  be 
above  70  per  cent,  of  saturation.  At  the  same 
time  a  too  low  humidity  should  also  be  avoid- 
ed. We  have  little  exact  information  upon 
this  point,  but  it  is  a  matter  of  common  knowl- 
edge with  many  persons  that  very  dry  air, 
especially  at  70  deg.  or  over,  is  excessively 
5timulating  and  produces  nervousness  and  dis- 
comfort. It  would  probably  be  desirable  to 
keep  the  relative  humidity  between  60  and  70 
per   cent. 

Another  point  which  may  be  emphasized  in 
the  light  of  current  opinion  is  the  importance 
of  "perflation"  or  the  flushing  out  of  a  room 
at  intervals  with  vigorous  drafts  of  fresh  cool 
air.  Where  there  are  no  air  currents  the  hot, 
moist,  vitiated  air  from  the  body  clings  round 
us  like  an  "aerial  blanket,"  as  Professor  Sedg- 
wick calls  it,  and  each  of  us  is  surrounded  by 
a  zone  of  concentrated  discomfort.  The  de- 
lightful sensation  of  walking  or  riding  against 
the  wind  is  largely  perhaps  due  to  the  dis- 
persion of  this  foul  envelope  and  it  is  impor- 
tant that  a  fresh  blast  of  air  should  sometimes 
blow  over  the  body  in  order  to  produce  a 
similar  effect.  The  same  process  will  scatter 
the  odors  which  have  been  noted  as  unpleas- 
ant and  to  some  persons  potentially  injurious. 
The  principal  value  of  the  carbon  dioxide  test 
to-day  lies  in  the  fact  that  under  ordinary  con- 
ditions high  carbon  dioxide  indicates  that 
there  are  no  air  currents  changing  the  atmos- 
phere about  the  bodies  of  the  occupants. 


Continued  progress  is  being  made  in  the 
adaptation  of  ozone  to  the  purification  of 
drinking  water  for  the  supply  of  towns  and 
cities.  Apart  from  examples  in  America,  the 
ozone  plants  at  Chartres,  Florence,  Hermann- 
stadt,  Nice,  Paderborn,  Paris,  Villefranche, 
and  Wiesbaden  are  sufficient  to  demonstrate 
the  scientific  and  commercial  success  of  the 
system,  whose  claims  have  been  further  recog- 
nized by  the  decision  of  the  Paris  Municipal 
Council  to  erect  two  additional  plants  each  of 
9,900,000  gallons  output  daily,  and  by  the 
11,000,000-gallon  plant  recently  completed  at 
St.    Petersburg. — The  Engineer,  London. 


PANAMA  AIR  COMPRESSOR  LUBRI- 
CATION 

The  following  comes  from  an  engineer  cor- 
respondent of  Pozucr.  It  is  a  report  of  the 
use  of  lubricating  oils  in  the  three  air-com- 
pressor plants  of  the  Isthmian  Canal  Com- 
mission for  the  month  of  February,  191 1.  It 
shows  the  number  of  revolutions,  square  feet 
covered  per  pint  of  oil,  output  in  cubic  feet 
of  air  and  the  cost  per  million  square  feet 
covered. 

Las 
Empire         Cascadas     Rio  Grande 
Air  Air  Air 

Oils  Used  :  Compressor  Compressor  Compressor 
Valve   oil    .  .         87%  gal.  22   gal.  38   gal. 

Stationary- 
engine    oil.       157%  gal.  35  gal.  60  gal. 
Air-compres- 
sor    cylin- 
der   oil    .  .         87%  gal.            23  gal.  45  gal. 
Revolutions  per  gallon  of  valve  oil : 

236,458  295,655  217,650 

Revolution  per  gallon  of  stationary-engine  oil : 

131,532  185,840       •    137,845 

Revolutions   per   gallon   of   air-compressor   cylin- 
der oil : 

236,458  282,800  183,682 

Square   feet  covered  per  pint  of  valve  oil : 

1,041,107         1,392,597        1,025,122 
Square   feet   covered   per  pint   of   air-compressor 
cylinder  oil : 

1,354,971         1,837,513        1,028,152 
Cost  per  million  square  feet  covered   (surface)  : 
Valve    oil....  $0.0234  $0.0175  $0.0237 
Air -compres- 
sor     cylin- 
der                $0.0134            $0.0098  $0.0176 

Output  of  free  air,   cubic  feet : 

378,879,661     118,770,526   151,205,582 

In  the  air-compressor  plants  at  Empire, 
Las  Cascadas  and  Rio  Grande,  there  are  14 
compressors,  each  of  425  horsepower  and  all 
operating  at  a  steam  pressure  of  125  pounds. 
The  engines  are  simple  twin  cylinder.  The 
compressors  are  of  the  double-cylinder  cross- 
compound  type.  The  area  of  the  two  steam 
cylinders  is  9.42  square  feet;  the  area  of  the 
low-pressure  air  cylinders  is  15.17;  the  area 
of  the  high-pressure  cylinders  is  9.42  square 
feet.  The  speed  of  these  compressors  is  from 
127   to    137   revolutions  per   minute. 

D.  E.  Irwin. 

Empire,  Panama. 

[This  is,  of  course,  interesting  and  the  fig- 
ures are  of  value  for  comparison  of  practice ; 
but  as  here  given  the  statement  might  be 
misleading.  Of  course  one  pint  of  cylinder 
oil  never  actually  covered  1,800,000  square 
feet  of  surface,  say  40  acres.  There  is  no 
kind  of  surface  upon  which,  spread  so  thinly, 
it  would  have  made  a  visible  stain,  although 
it  is  probably  entirely  correct  that  this  cylin- 
der   surface    was    swept    by    the    piston    while 
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tlu-  i)int  of  oil  was  disappearing.  \Vc  karn 
at  least  tliat  etTcctive  lubrication  docs  not 
consist  in  kcepinjj;  tlif  surfaces  wet  with  oil, 
and  where  so  little  oil  was  found  ^uf^icient 
the  question  is  at  least  suggested  as  to 
whether  any  at  all  was  necessary. — Ed.  C. 
A.   Ml' 


AVIATION   MAKES  SPEED   RECORDS 

riicre  wcuild  seem  to  be  really  no  practical 
value  to  the  devices  which  are  being  developed 
for  navigating  the  air.  and  in  the  prospective 
cnipl(\vment  of  them  for  getting  from  one 
point  to  anc>ther  at  a  considerable  distance,  ex- 
cept a^  it  may  enable  one  to  get  there  in  a 
shorter  lime.  The  mere  attainment  of  high 
speed  for  any  portion  of  a  given  flight  without 
any  c>ther  result  than  the  record  of  the  speed 
attained,  is  surely  a  matter  of  momentary  curi- 
osity or  a  condition  for  gamblers  to  deal  with. 
Nevertheless,  high  speed  records  are  being 
made  and  we  all  are  more  or  less  interested 
in  them  in  spite  of  all  the  suggestions  of  com- 
mon sense.  The  following  upon  the  general 
topic  we  condense  from  a  recent  editorial  in 
the  Engineering  Record. 

The  record  of  155  miles  an  hour  credited  to 
Vedrine  leaves  every  previous  exhibition  of 
human  power  to  make  time  hopelessly  in  the 
rear.  It  is  not  only  a  new  record  of  speed,  but 
almost  a  new  conception  of  speed  that  is  given 
the  world  by  this  extraordinary  performance. 
True  enough,  the  aviator  had  a  hurricane  at 
his  back  and  one  of  the  very  fastest  machines 
in  the  world,  a  Morane  monoplane,  beneath 
him.  but  the  combined  result  is  certainly  none 
the  less  awe-inspiring.  Just  how  fast  the 
wind  was  blowing  and  just  how  fast  the  mono- 
plane was  scudding  ahead  will  probably  never 
be   know'n. 

As  a  mere  matter  of  mechanics  the  possibil- 
ity of  such  speeds  is  inspiring.  At  the  rate 
at  which  aeroplane  speeds  have  increased  for 
the  last  year  or  two  it  is  going  to  be  but  a 
brief  time  before  a  hundred  miles  an  hour  is 
passed,  and  not  much  more  before  all  records 
of  things  that  travel  on  earth  are  passed.  It 
may  be  long,  however,  before  this  prodigious 
flight  of  Vedrine's  is  beaten.  At  the  present 
time  there  seems  to  be  no  difficulty  in  construct- 
ing a  system  of  planes  that  will  fly  and  fly  well 
with  sufficient  power  behind  it.  Increase  over 
the  present  ordinary  speeds  for  flying  ma- 
chines   must    come    by    increasing    the    engine 


p(»wer,  increasing  the  efficiency  of  the  propeller 
or  greatly  decreasing  the  resistance  of  the 
plane  for  a  given  lifting  power.  It  would 
not  i>e  in  the  least  surprising  if  it  were  possi- 
ble to  construct  propellers  with  perhaps  half 
as  much  again  thrust  in  proportion  to  the 
energy  wasted  as  the  best  now  in  use.  It  is 
(|uite  certain  that  there  is  a  great  difference 
in  the  efficiency  of  propellers  as  now  construct- 
ed, especially  with  reference  to  their  adapta- 
tion to  the  high  speeds  employed. 

The  whole  engine  (piestion  must  soon  be 
taken  up  by  makers  all  over  the  world.  The 
successful  aeroplane  engines  are  very  few  in 
number.  Perhaps  they  have  been  pushed  al- 
ready quite  near  to  their  possible  limit  of 
power  per  pound  of  weight,  and  yet  there  is 
a  good  chance  for  improvement  in  the  sense 
that  it  may  be  possible  to  get  continuous  per- 
formance of  the  highest  class  w^here  one  now 
gets  only  occasional  and  uncertain  perform- 
ance. 

As  to  the  decrease  of  resistance,  something 
may  be  accomplished  by  the  construction  and 
shaping  of  the  planes.  It  already  appears  that 
in  the  matter  of  speed  the  simple  surfaces  of 
the  monoplane  have  a  very  material  advan- 
tage, much  on  the  same  principle  that  a  racing 
sloop  has  an  advantage  over  a  schooner  of 
similar  sail  area.  On  the  other  hand,  the 
temptation  to  cut  down  resistance  by  reducing 
supporting  surface  is  a  hazardous  one.  The 
less  the  surface  the  higher  the  speed  must  be 
to  keep  up,  and  the  slimmer  the  chance  of 
alighting  safely  if  anything  happens. 

Taking  it  altogether,  one  may  perhaps  grow 
hopeful  that  when  Vedrine's  speed  record  fin- 
ally succumbs,  the  following  gale  will  play 
a  much  less  important  part  in  the  result.  Cer- 
tainly a  speed  of  nearly  200  ft.  a  second  higher 
than  has  ever  been  reached  by  anything,  ex- 
cept a  projectile,  is  enough  to  satisfy  even 
one's  twentieth  century  enthusiasm. 


"A.  sleeper  is  one  who  sleeps.  A  sleeper  is 
that  in  which  a  sleeper  sleeps.  A  sleeper  is 
that  on  which  the  sleeper  runs  while  the  sleep- 
er sleeps.  Therefore,  while  the  sleeper  sleeps 
in  the  sleeper,  the  sleeper  carries  the  sleeper 
over  the  sleeper  under  the  sleeper,  until  the 
sleeper  which  carries  the  sleeper  jumps  the 
sleeper  and  wakes  the  sleeper  in  the  sleeper  by 
striking  the  sleeper  under  the  sleeper  on  the 
sleeper.*' 
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SULPHURIC  ACID    HANDLED  BY 
COMPRESSED  AIR 

In  the  manufacture  of  certain  chemicals 
considerable  danger  and  expense  is  caused  by 
the  rapid  deterioration  of  piping  and  other 
receptacles  with  which  the  acids  and  fumes 
come  in  contact.  Sulphuric  acid  is  particu- 
larly destructive  and  many  serious  difficulties 
are  encountered  in  its  manufacture.  It  is 
practically  impossible  to  handle  sulphuric  acid 
with  pumps,  as  they  would  deteriorate  so 
rapidly  that  constant  replacement  would  be 
necessary. 

The  most  satisfactory  method  of  pumping 
destructive  acids  is  that  used  by  the  Nichol 
Syndicate  in  their  new  plant  at  Bay  Point, 
California.  At  one  stage  of  the  process  of 
manufacture,  the  acid  is  accumulated  in  a 
cylindrical  tank  which  is  provided  with  suit- 
able inlet  and  outlet  valves.  When  it  is  de- 
sired to  pump  the  acid  into  other  retainers, 
the  inlet  valve  is  closed  and  air  at  from  60 
to  100  pounds  is  admitted,  which  forces  the 
liquid  through  the  outlet  valve  to  other  parts 


of  the  plant.  The  flow  of  the  acid  is  con- 
trolled by  suitable  valves  in  the  piping  sys- 
tem. 

To  meet  the  increasing  demand  for  appara- 
tus that  will  handle  destructive  acids  eco- 
nomically the  United  Iron  Works  of  Oak- 
land, California,  has  brought  out  the  motor 
driven  compressor  shown  in  the  illustration. 
The  compressor  is  a  6x6  Gardner-Rix  Du- 
plex ;  speed  200  r.p.m.,  pressure  60  to  100 
pounds,  capacity  40  cubic  feet  of  air  per  min- 
ute. The  compressor  is  driven  by  a  Westing- 
house  type  HF  3  phase,  60  cycle,  550  volt 
motor. 

This  type  of  motor  is  admirably  suited  to 
this  work.  The  secondary  is  phase  wound 
and  the  three  phases  are  connected  to  the 
three  collector  rings  shown.  In  starting,  the 
controller  gradually  cuts  out  the  starting  re- 
sistance which  is  connected  to  the  secondary 
through  the  collector  rings.  This  motor  is 
so  designed  that  an  unusually  high  starting 
torque  is  developed,  with  comparatively  low 
starting  current. 
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COMPRESSED   AIR   IN     SANITARY  SERVICE. 


FACTORY  USE  OF  COMPRESSED  AND 
EXHAUST  AIR 

Compressed  air  and  suction  conduits,  which 
besides  their  obvious  employment  in  modern 
industries  possess  the  added  advantages  of 
producing  efficient  ventilation  without  undue 
drafts,  have  recently  found  a  use  in  the  man- 
ufacturing of  colored  paper  goods. 

The  illustration  shows  a  room  in  an  up-to- 
date  factory  in  Berlin,  Germany,  where 
colored  calendars,  postcards,  boxes  for  can- 
dies, perfumes,  etc.,  are  made  in  large  quan- 
tities, especially  for  export  to  the  color- 
loving  inhabitants  of  South  America.  The 
various  colors,  red,  blue,  green  and  yellow, 
are  made  from  aniline  compounds,  dissolved 
in  alcohol.  The  color  is  contained  in  the 
small  pan  of  a  spraying  device  similar  to  an 
artist's  air-brush,  and  the  operator  turns  on 
the  compressed  air  which  squirts  a  fine  spray 
of  color  over  the  parts  of  the  work  exposed 
through  the  pattern. 

In  order  to  catch  that  part  of  the  mist  of 
color  that  escapes  into  the  air,  each  opera- 
tor's post  is  surrounded  by  glass  walls  and 
an  air  suction  through  a  slot  in  the  table 
draws  away  the  color  that  might  escape  and 
he  inhaled,  with  bad  effect,  bv  the  loo  or  so 
girls   who   are   employed   in   the   work. 


IMPORTANCE    OF    AIR  CIRCULATION 

Dr.  Langlois,  of  Paris,  has  given  out  some 
interesting  facts  relative  to  the  effect  on  mine 
workers  of  humidity,  temperature  and  air  cir- 
culation. He  found  at  Ronchamps  at  a  depth 
of  about  3280  ft.,  with  the  humidity  such  that 
the  dry  bulb  showed  36.5  degrees  C,  and  the 
wet  bulb  24.8  degrees  C,  that  work  could  be 
carried  on,  but  that,  when  the  humidity  became 
greater,  even  with  a  lower  temperature,  work 
became  difficult.  He  found  that  with  tempera- 
tures above  25  degrees  on  the  wet  bulb,  the 
ventilation  has  a  marked  effect  on  the  work- 
men's physical  condition  and  capacity  for  work. 
In  stagnant  air  at  the  temperature  of  25  de- 
grees (wet  bulb),  an  appreciable  illness  is  ex- 
perienced, which  passes  off  at  once  when  the 
ventilating  current  reaches  a  velocity  of  3.3 
ft.  per  second.  In  still  air  at  a  temperature  of 
30  degrees  (wet  bulb)  marked  illness  is  felt, 
but  conditions  become  supportable  when  the 
velocity  of  the  ventilating  current  reaches  6.6 
ft.  per  second.  From  these  data  it  is  evident 
that  attention  to  ventilation  in  mines  is  an  im- 
portant factor  in  determining  the  labor  ef- 
ficiency of  the  underground  workmen,  especial- 
ly in  warm  moist  workings.  Dr.  Langlois 
found  that  a  workman  could  do  more  work  in 
a  temperature  below  25  degrees  (wet  bulb) 
when  the  velocity  of  the  ventilating  current  is 
maintained  at  from  ;^.s  to  16.5  ft.  per  second. 
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HYDRO-PNEUMATIC    FEED   FOR 
RADIAL  DRILL 

A  radial  drill  of  new  design  throughout  and 
exhibiting  many  novel  features  has  recently 
been  put  out  by  the  Walter  H.  Foster  Co.,  50 
Church  street,  New  York. 

This  is  an  electric  driven  machine,  differing 
from  the  standard  types  in  the  combination  of 
the  saddle  on  the  arm  with  .a  cylinder  having 
a  gear  box  mounted  on  top  containing  high 
and  low  speed  gears  in  connection  with  a 
variable  speed  motor.  The  cylinder  through 
which  the  spindle  passes  is  surrounded  by  an 
oil  chamber,  and  a  piston,  sliding  in  the  cylin- 
der is  connected  with  the  spindle  which  ro- 
tates in  the  piston  and  takes  its  thrust  on  ball 
bearings.  The  vertical  movement  or  feed  of 
the  piston  and  spindle  is  controlled  by  the  oil 
which  fills  the  cylinder  solidly  below  the 
piston,  the  pressure  above  the  piston  being 
supplied  by  a  constant  air  pressure  of  80 
pounds,   usually   taken    from   the    shop    supply, 
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FIG.    I       PNKUMATIC   DRILL  FEED. 


the  feed  movements  being  effected  by  the  dis- 
charge or  readmission  of  the  oil. 

Referring  to  Fig.  i,  the  motor  which  drives 
the  spindle  is  at  A.  The  drum  type  controller 
B  is  a  new  design,  having  ten  points  of  contact, 
and  the  resistance  C  is  attached  in  a  neat  and 
compact  form.  The  feed  operating  valve  E 
has  a  flat  seat  graduated  to  permit  the  passage 
of  oil  from  the  cylinder  to  the  surrounding 
chamber,  and  as  the  air  pressure  on  top  of  the 
piston  forces  it  down  the  restricted  outflow 
of  the  oil  through  these  passages  makes  the 
feed  constant.  The  four-way  valve  F  controls 
the  passage  of  the  air.  whether  it  is  on  top  of 
the  piston,  forcing  the  spindle  down  (under 
which  condition  the  oil  is  being  forced  into  the 
chamber  through  valve  E),  or  forcing  the  oil 
back  into  the  cylinder  under  the  piston,  thus 
returning  the  spindle  upward  to  its  original 
position.  The  air  valve  is  operated  by  the 
vertical  shaft  G  which  carries  adjustable  trip 
dogs  H.  These  dogs  are  arranged  to  swing 
out  of  the  way  when  the  spindle  is  operated 
by  hand,  so  as  not  to  interfere  with  tappet  T, 
which  slides  with  the  spindle.  The  b3'-pass 
valves  J  and  K,  which  are  operated  by  lever 
L  through  the  connecting  rod  shown,  allow  the 
air   and   oil   to   pass   freely   in   either   direction 
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wliilc  operating  by  hand.  Tlic  hand-wheel  M 
has  a  pinion  cn^ajiinR  with  a  rack  for  hand 
operation  of  tlio  spimlU*.  and  handvvhecl  N  has 
a  spiral  Koar  cnj^agin^  a  rack  for  adjuslnuMil 
of  the  head  on  the  arm. 

The  hne  drawings,  h'ig.  2.  sliow  tlio  air  and 
oil  valves  in  their  ditferi-nt  operating  positions. 


SOUND   IN   THE  UNIVERSE 

We  live  and  move  at  the  bottom  of  an 
ocean  of  air,  the  earth's  atmosphere.  One 
conseciuence  of  this  is  that  every  mechanical 
disturbance  starts  waves  of  compression  and 
rarefaction,  which  radiate  out  from  the  source, 
and,  striking  the  drum  of  our  ear,  may  (if  of 
the  right  strength  and  quality)  cause  in  us  the 
sensation  of  "sound."  Among  such  sensations 
some  affect  us  merely  as  "noises" ;  in  others 
we  recogiiize  a  more  or  less  well-defined 
"musical  pitch"  and  "tone  quality."  Physically 
the  "noise"  differs  from  the  "musical  note"  in 
tliat  the  former  is  an  irregular  disturbance, 
while  the  latter  is  periodic  and  of  definite  fre- 
quency. Not  that  there  is  any  hard  and  fast 
line  of  demarkation :  a  rapid  succession  of  im- 
pulses, which  separately  would  be  mere  noises, 
may  impress  the  ear  with  a  definite  sense  of 
pitch.  Thus  the  teeth  of  a  saw,  cutting  in 
rapid  sequence  through  a  wooden  board,  pro- 
duce a  sound  of  definite  pitch,  though  lacking 
perhaps  in  musical  quality.  Or  again,  a  sharp 
noise  of  brief  duration,  proceeding  from  a 
point  in  the  neighborhood  of  a  series  of  equi- 
distant obstacles,  such  as  a  line  of  fence-rails, 
or  a  flight  of  stone-steps,  produces  upon  the 
observer  a  sensation  in  which  a  more  or  less 
well-defined  pitch  can  be  recognized.  The  ex- 
planation of  this  phenomenon  is  that  the  sound 
is  reflected  back  from  each  fence-rail  in  turn. 
and  ^since  it  takes  time  to  travel,  each  echo 
reaches  the  observer  a  trifle  later  than  that 
from  the  neighboring  rail.  This  case  is  of 
special  interest,  because  the  sound  "heard" 
contains  an  element  quite  foreign  to  the  initial 
disturbance.  Furthermore,  the  pitch  of  the 
sound  heard  differs  according  to  the  location 
of  the  observer,  so  that,  borrowing  an  expres- 
sion from  optics,  it  might  be  said  that  the 
original  disturbance  is  "analyzed"  by  reflection 
from  the  fence  (grating)  into  its  "constituent" 
waves — each  traveling  in  its  own  direction,  so 
that  it  can  be  singled  out  by  the  observer. 
It   is   possible  that   the   means   commonly   em- 


ployed to  analyze  light  waves  act  in  this  way, 
and  prrhaps  we  are  not  quite  justified  in  imag- 
iinng  "while"  light  for  instance  as  "composed" 
i>\  the  various  spectral  colors,  tlu-sc  being 
ratJKr  impressed  upon  it  by  the  prism  or 
grating  or  other  device  employed  to  "analyze" 
the  light,  as  we  commonly  .say. 

Of  all  the  forms  (jf  energy,  sound  would 
I)rol)ably  be  of  the  least  consequence  to  man, 
were  it  not  f(jr  the  one  important  fact,  that 
sound  is  the  normal  vehicle  for  the  transmis- 
sion of  intelligence  between  individuals.  Cer- 
tain special  sounds  are  recognized  by  us  not 
merely  as  "noises,"  or  "musical  notes,"  but  as 
"words,"  which  are  associated  in  our  minds 
with  definite  concepts,  and  whose  mere  men- 
tion immediately  summons  up  before  our  im- 
agination the  concepts  thus  attached  to  them. 
Not  that  speech  exhausts  all  the  modes  of 
sound-expression  for  mental  states  at  our  com- 
mand. Indeed,  more  elemental  and  lower  in 
the  scale  than  speech  are  various  inarticulate 
sounds,  such  as  laughter  and  crying,  calls  of 
various  kinds,  the  groan  of  pain,  the  sigh  of 
relief,  the  shriek  of  fear,  and  a  host  of  other 
emotional  expressions.  In  these  man  ap- 
proaches more  nearly  to  the  low^er  animals, 
who  also  possess  "calls."  But  the  range  of  our 
modes  of  expression  by  means  of  sound  ex- 
tends also  on  the  other,  the  heroic  side,  beyond 
ordinary  speech.  The  poet  by  rhythm  and 
cadence  conveys  something  more  than  his 
words  alone  would  say,  and  in  the  symphonies 
of  the  great  masters  of  music  there  is  borne 
in  upon  us  a  wealth  of  thoughts  that  lie  too 
deep  for  words. 

If  the  ocean  of  air  w^hich  envelopes  us  is  the 
medium  that  carries  sound  to  our  ears,  and 
thus  places  us  in  sentient  communication  with 
the  other  occupants  of  this  globe,  its  shore,  the 
void  upon  which  the  upper  atmosphere  abuts, 
is  also  the  extreme  limit  of  the  range  of  space 
comprising  all  things  audible  to  us.  No  sound, 
however  loud,  can  ever  pass  from  the  earth 
into  space  beyond,  neither  can  it  penetrate 
from  other  orbs  to  us.  The  sun's  burning  eye 
looks  down  on  us  in  splendor  mute ;  for  though 
his  fiery  ocean  be  lashed  by  furious  gusts,  in 
comparison  with  which  the  fiercest  earthly 
gale  is  but  as  the  soft  sighing  of  the  autumn 
wind,  or  as  the  breath  of  one  that  slumbers ; 
and  though  monstrous  explosions  rend  his  very 
bowels,  belching  aloft  great  pillars  of  fire  that 
tower    thousands    upon    thousands    of    miles; 


COMPRESSED  AIR  MAGAZINE. 


6169 


yet  of  all  the  crash  and  thunder  and  tumult 
not  a  whisper  escapes  to  break  the  eternal 
silence  of  infinite  space,  and  the  empty  void 
holds  close  the  clamorous  secret  of  the  fiery 
orb. — Scientific  American. 


FIG.     I. 

PNEUMATIC  DEVICES  FOR  CHARGING 
CUPOLAS 

In  a  paper  by  G.  R.  Braddon  before  the 
Pittsburg  convention  of  the  American  Foun- 
drymen's  Association,  the  general  subject  of 
the  mechanical  charging  of  cupolas  v^as  dis- 
cussed, including  the  unloading  from  railroad 
cars,  the  storage  in  the  yard,  the  conveyance 
to  the  cupola  and  finally  the  dumping  of  the 
charge  in  detail  into  the  cupola.  We  have  here 
to  do  only  with  the  latter  operation. 

Fig.  I  shows  a  type  of  charging  car  in  which 
the  load  is  carried  almost  entirely  upon  one 
axle,  enabling  the  overhanging  end  of  the  car 
to  project  into,  the  cupola  and  making  a  very 
light  lift  for  the  air  hoist  to  dump  the  load. 


floor  and  in  front  of  the  cupola  door.  The 
platform  is  then  tilted  by  the  pneumatic  lift 
below  and  the  load  slips  into  the  cupola. 

In  Fig.  3  is  shown  a  compound  charging  ma- 
chine in  both  normal  and  dumping  positions. 
In  this  arrangement  the  platform  with  the  car 
and  its  load  is  first  lifted  vertically  by  a  direct 
acting  lift  below  it.  and  then  the  platform  is 
tilted  and  the  load  is  dumped  by  another  pneu- 
matic lift.  The  cylinder  of  the  latter,  it  will  be 
noticed,  is  pivoted  at  the  bottom,  enabling  it 
to  swing  as  the  platform,  tips  and  giving  the 
piston  rod  always  a  direct  thrust.  The  air- 
controlling  valves  for  either  of  these  devices 
are  located  by  the  side  of  the  cupola  where 
most  convenient   for  the  operator. 


.„j 
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FIG.  3. 

CARE  OF   PNEUMATIC  TOOLS  IN 
RAILROAD  SHOPS 


At  the  annual  convention  of  the   x\merican 
Railway  Tool  Foremen's  Association,  held  in 
Chicago  in  July,  three  important  papers  were 
presented  relating  to  pneumatic  tools  and  ap- 
pliances, their   reading  being  followed  by  the 
free  and   liberal   discussion   which   prevails   at 
die  various  railway  conventions.     The  follow- 
ing, which  can  scarcely  be  called  discussion,  is 
§     a    collection    of    brief    statements    of    current 
•  practice  in  many  railroad  shops  in  the  matter 
^'^   ^-  of  lubricating,  handling  and  maintaining  pneu- 

Fig.  2  shows  a  side  dump  charging  machine  matic  tools.  The  statements  have  been  care- 
in  two  positions.  The  car  load  in  this  cas'e  is  fully  abstracted  by  the  Railzcay  Age  Gazette: 
borne  equally  upon  all  four  wheels.     The  car  Mr.  Martin  :— We  had  a  great  deal  of  trou- 

is  run  upon  a  hinged  platform  flush  with  the      ble-  with  air  motors,  and  employed  a  man  v^ho 
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ilof5  nothing  but  oil  and  lake  care  of  iIkiu;  it 
has  been  a  paying'  iiivcstnuiit. 

Mr.  I  Uiulrikson  :— W'f  have  the  air  motors 
tiiriR'd  in  every  iiiijhi  and  they  are  oiled  every 
nu)rning. 

Mr.  Linck  : —There  are  lot.s  of  niaehims  that 
ought   to  he  oiled  during  the  day. 

.Mr.  Meitz:  — \Vc  had  considerable  irctuhic 
with  the  motors,  but  we  now  till  the  inside  of 
the  motor  case  with  artificial  engine  grease. 
It  holds  the  oil  in  the  motor  and  the  motor  is 
better  lubricated  all  through.  It  lasts  twice  as 
long  and  is  always  lubricated. 

Mr.  Hreckenfeld:  — We  have  a  helper  go 
ari)und  the  shop  twice  a  week;  he  opens  the 
motors  and  packs  them  with  Xo.  3  grease,  as 
they  call  it ;  I  do  not  believe  that  we  have  had 
any  trouble  with  a  motor  on  account  of  not 
being  lubricated  in  six  months.  On  Saturday 
night  we  have  all  tools  turned  in  and  the 
helper  examines  the  motors  to  see  that  they 
are  properly  oiled, 

Mr.  F^uhrman  :— It  is  a  good  thing  to  have 
an  atomi/.er  for  oiling  pneumatic  tools.  Fill 
it  up  twice  a  day;  it  does  away  with  a  good 
deal  of  trouble.  Our  system  is  to  always  keep 
after  the  motors  in  the  tool  room,  and  if  one 
is  not  running  right  it  is  immediately  returned 
to  the  tool  room. 

A.  Sterm  (Chicago.  Rock  Island  &  Pacific, 
Chicago)  : — We  use  the  automatic  oilers. 

J.  B.  Hasty  (Atchison,  Topeka  &  Santa  Fe, 
San  Bernardino.  Cal.)  :— We  pack  air  motors 
with  grease  once  a  week,  over  Sunday,  and 
use  grease  altogether.  We  use  a  bath  for  the 
air  hammers.  They  are  turned  in  every  even- 
ing and  placed  on  pegs  5  or  6  in.  long  and  are 
flooded  at  night  with  coal  oil.  The  flooding 
arrangement  is  made  of  a  reservoir  in  two  sec- 
tions ;  the  lower  section  contains  the  oil,  and 
the  upper  section  the  hammers;  by  admitting 
air  to  the  lower  part,  it  forces  it  up  under  the 
hammers  and  completely  covers  them  with  oil; 
they  remain  until  morning.  Just  before  the 
hour  of  opening,  the  night  watchman  opens 
the  valves  and  the  oil  goes  back  to  the  lower 
tank ;  then  we  give  them  a  touch  of  signal  oil 
and  pass  them  out.  Nothing  is  done  to  them 
during  the  day. 

Mr.  Lugger : — We  use  the  same  system  at 
our  shop,  but  the  oiling  process  during  the  day 
is  worrying  me  considerably.  A  boilei"  maker 
takes  a  hammer  out  and  after  it  passes  into 
his  hands  in  the  morning,  there  is  no  oil  put 


in  it  during  the  day.  We  send  out  an  appren- 
tice at  different  times  during  the  day  who  puts 
in  a  little  airolene,  and  that  has  to  a  great  ex- 
tent overcome  our  difficulties.  In  our  air 
motors,  we  use  airolene  entirely,  and  have  no 
tremble.  'J'he  only  difhculty  we  have  experi- 
enced of  late  is  in  the  air  motor  throttles. 
They  get  dry,  due  to  the  men  neglecting  them, 
and   we  have  to  overhaul  them   frequently. 

.Mr.  Breckenfeld: — When  we  know  a  new 
man  is  going  on  a  job— generally  an  unskilled 
laborer  in  the  boiler  department — wc  try  to 
have  the  men  in  charge  of  the  motors  go  out 
and  give  him  a  few  minutes'  instruction.  It 
has  a  tendency  to  save  in  the  breakage  of  air 
motors. 

Mr.  Pike : — We  have  a  young  man  go 
around  ihe  shop  every  two  hours;  he  oils  the 
machines  through  the  throttle  and  in  the  case, 
and  the  gasket  if  necessary.  If  a  section  of 
hose  is  leaking  he  condemns  it.  These  duties 
keep  him  busy.  The  atomizer  may  be  all  right, 
but  it  added  to  our  troubles  in  that  it  made  an 
additional  part  to  maintain;  also  when  the  air 
line  became  old,  small  particles  of  rubber 
would  pass  through  and  clog  it  up;  the  man 
using  the  machine  expected  the  atomizer  to  be 
on  the  job  when  it  was  not,  and  as  a  conse- 
quence the  machine  went  dry.  It  pays  to  have 
one  man  to  be  the  judge  of  when  a  machine 
should  come  to  the  tool  room  for  repairs.  If 
he  hears  a  squeaking  or  grinding,  it  must  be 
taken  out  of  service.  A  man  using  a  machine 
will  use  it  hours  after  the  time  when  it 
should  have  been  stopped.  We  placed  all  air 
tools  in  an  oil  bath  until  the  insurance  agents 
objected  to  the  large  quantity  of  oil  being  kept 
in  the  building,  and  we  now  find  the  individual 
inspection  very  satisfactory.  We  experienced 
some  difhculty  after  the  shop  had  been  closed 
down  for  a  few  days  with  the  throttle  clogging 
owing  to  dampness.  We  used  mineral  lard 
which  amalgamates  well  with  the  moist  air. 
It  is  cheap,  and  we  use  it  generously  and  have 
very  little  trouble. 

Mr.  McKernan : — When  a  hammer  is 
brought  in  throw  it  in  a  tank  of  coal  oil. 
When  you  check  it  out,  blow  it  out  and  oil 
thoroughly,  and  I  do  not  think  you  wnll  have 
very  much  trouble.  When  a  hammer  is  kept 
out  any  length  of  time  the  man  w'ho  takes  it 
out  is  held  responsible  for  oiling  it.  If  the 
hammer  comes  back  in  bad  shape  he  cannot 
get  his  check  until  there  is  a  satisfactory  ex- 
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planation,  and  that  has  to  be  O.  K.'d  by  the 
general  foreman  in  addition  to  his  own  fore- 
man. 

Mr.  Meitz : — In  our  shop  all  tools  are  sup- 
posed to  be  turned  in  every  night.  The  ham- 
mers go  in  a  bath  and  lie  there  until  five  min- 
utes before  work  time.  No  tool  goes  out  with- 
out an  oiling.  When  they  come  out  of  the 
bath  we  hang  them  up  to  drip,  and  they  are 
oiled  with  valve  oil  and  signal  oil  mixed. 
Valve  oil  alone  is  a  little  too  heavy. 

William  Thomason  (Pennsylvania,  Renova, 
Pa.)  : — We  have  little  or  no  trouble  as  far  as 
the  use  and  abuse  of  hammers  is  concerned. 
If  a  hammer  is  neglected  we  find  out  very 
quickly  who  is  responsible.  When  a  man 
checks  a  hammer  out  the  boy  knows  what 
hammer  he  gets. 

Mr.  Fuhrman : — I  believe  the  foreman  who 
has  charge  of  the  men  using  the  tools  is  the 
man  who  should  be  responsible  for  their  proper 
use.  He  is  the  best  judge.  Sometimes  he  is 
not  in  favor  of  saving  the  tools ;  he  wants  the 
work  and  may  abuse  the  tools  worse  than  any 
man.  There  is  a  limit  to  everything,  and  every 
foreman  ought  to  know  what  will  bring  the 
best  results  for  his  company.  It  does  not  pay 
to  spend  a  day  making  a  tool  and  have  some- 
body spoil  it  in  a  half  hour,  even  though  you 
get  the  work  out. 

Mr.  Lugger : — We  should  not  confuse  severe 
use  with  abuse.  A  machine  designed  for  any 
kind  of  work  should  be  used  to  its  full  capacity 
all  the  time ;  we  should  try  only  to  eliminate 
the  abuse  of  the  tool.  I  do  not  believe  in 
nursing  a  tool. 

Mr.  Pike : — When  we  purchase  a  motor  we 
attach  a  brass  plate  to  a  prominent  part  before 
it  goes  into  service.  On  the  plate  is  the  name 
of  the  shop,  number  and  size  of  work  for 
which  the  tool  should  be  used,  i.  e.,  "Machine 
shop,  No.  20,  ^  in.  to  i]4  in.  drill;  i  in.  to  i^^ 
in.  tap."  If  the  motor  is  not  doing  that  work. 
we  know  it  is  the  fault  of  the  motor;  it  is  not 
liable  to  be  used  on  a  larger  tap  or  drill. 

Mr.  Martin  : — We  send  in  a  breakage  report 
which  goes  to  the  superintendent  and  he  sends 
it  to  each  foreman  of  the  shop  with  a  list  of 
names  and  what  they  did  in  the  way  of  break- 
ing or  damaging  tools. 


A  pit  pony  has  just  died  at  New  Hawne 
Colliery,  Halesowen,  Worcestershire,  of  Gar- 
ratts,  Limited,  which  has  worked  in  the  mines 
for  40  years. 


GASOLINE    FROM    WASTE  OIL-WELL 
GAS 

By  F.  W.  Brady,  M.  E. 

[The  following  clear  and  interesting  account 
of  a  recently  developed  by-industry  of  the  air 
compressor  we  condense  from  the  latest  issue 
of  Mines  and  Minerals.    Ed.  C.  A.  M.] 

A  striking  example  of  waste  has  always  been 
found  in  the  great  oil  and  gas  fields  of  Ohio, 
West  Virginia,  and  Pennsylvania.  This  does 
not  mean  that  the  oil  has  been  wasted  deliber- 
ately, for  the  supply  is  cared  for  remarkably 
well,  but  the  direct  loss  has  been  through  acci- 
dent and  carelessness,  while  the  indirect  loss 
has  been  from  the  light  vapors  passing  off 
from  the  storage  tanks,  and  the  immense  quan- 
tities of  gas  escaping  from  the  wells. 

Any  one  with  a  technical  instinct  who  visits 
the  eastern  oil  fields  to-day  will  experience  a 
feeling  of  relief,  for  the  newest  of  the  new 
things  in  oil  production  is  the  perfection  of  a 
process  for  manufacturing  gasoline  from  the 
gas  from  oil  wells.  These  plants  are  located 
here  and  there  on  the  farms  wherever  a  group 
of  wells  can  be  worked  to  the  best  advantage. 
The  gasoline  is  shipped  in  50-gallon  iron  bar- 
rels which  are  hauled  by  wagon  to  the  nearest 
railroad  station,  while  the  by-product  gas  is 
turned  into  the  pipe  lines  that  for  years  have 
distributed  the  high-pressure  natural  gas  sup- 
ply. 

Oil  development  is  going  on  continually,  each 
season  seeing  some  new  field  where  production 
is  booming.  At  the  beginning,  most  of  the 
wells  are  self-flowing  and  some  of  them  are 
real  "gushers."  producing  five  or  six  hundred 
barrels,  or  more,  the  first  24  hours;  most  of 
them,  however,  make  less  than  one  hundred 
barrels ;  the  decrease  of  production  is  rapid 
and  soon  all  the  wells  become  "pumpers."  At 
first  the  pumping  is  daily,  then  about  twice  a 
week,  and  finally  a  settled  system  of  pumping 
once  a  week,  or  once  in  10  days  or  so,  is  kept 
up  for  several  years  with  those  wells  that  con- 
tinue to  produce  oil,  the  quantity  in  many  cases 
averaging  much  less  than  i  barrel  per  day. 
All  this  time,  however,  from  the  first  strike  of 
oil,  and  for  long  after  the  well  is  abandoned 
as  an  oil  producer,  there  is  a  flow  of  gas  from 
the  well.  In  some  cases  the  first  strike  was  a 
"gaser,"  which  afterwards  turned  to  an  oil 
producer.  Generally,  though,  the  reverse  is  the 
case,  and  practically  all  the  oil  wells  close  their 
careers  as  gasers. 

Now  it  is  this  gas  from  the  oil-bearing  sands 
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tliat  lias  mailc  the  hulk  of  the  waste.  Kspccial- 
ly  has  ihis  waste  1k*oii  too  hat!  where  an  oil 
well  has  heeii  ahamiotied  and  the  gas  has  heen 
burned  nw  tlu-  spot  from  the  open  pipe,  or  has 
eseaped  freely  iiuo  the  air.  Millions  upon  mil- 
hons  oi  enhic  feet  oi  nature's  hest  fuel  have 
thus  hoen  disijosrd  o\.  I  he  tnial  ehttkini;  up  of 
many  ahandoned  oil  wells  hy  salt  that  encrusts 
in  the  easinji  will  really  he  a  hoon  to  posterity. 
Xot  onl\  has  there  heen  a  direct  waste  of  this 
kind  of  gas,  hut  also  there  has  been  an  indirect 
waste  in  the  use  of  the  gas  piped  from  the  oil 
wells.  In  the  long  pipe  lines  it  has  heen  a  com- 
mon occurrence  for  gasoline  to  collect  wher- 
ever a  down  hend  or  pipe  would  trap  it.  Then 
the  re-cvaporation  of  the  gasoline  will  produce 
a  freezing  effect  that  will  clog  the  pipes  with 
ice  where  water  has  collected.  This  re-evapor- 
ation may  take  place  where  the  gasoline  flows 
from  a  leak  in  the  pipe  and  probably  within  the 
pipe  also.  The  freezing-  of  the  gas  pipes  from 
this  cause  has  heen  annoying,  but  it  was  due 
to  this  trouble  that  the  apparatus  for  manufac- 
turing gasoline  from  the  gas  was  developed. 

The  process  depends  upon  the  condensation 
and  liquefaction  of  gases — the  direct  processes 
being  dependent  on  the  laws  governing  the 
compression  and  refrigeration  of  the  gas.  The 
present  plants  are  equipped  with  a  refinement 
of  the  various  apparatuses  that  have  been  per- 
fected after  a  considerable  experimentation 
with  one  thing  and  another. 

The  general  arrangement  of  a  gasoline  plant 
in  West  Virginia  is  showai  in  Figs,  i,  2,  and  3. 
and  a  plan  of  the  arrangement  of  the  apparatus 
in  Fig.  4.  This  plant  has  a  capacity  for  treat- 
ing 150.000  cubic  feet  of  gas  in  24  hours,  and 
produces  from  500  to  800  gallons  of  gasoline 
having  a  gravity  of  92  degrees  Baume. 

Two  direct  35-horsepower  gas-engine-driven 
air  compressors  compress  the  gas.  The  first 
compressor,  which  may  have  a  piston  varying 
from  6  to  12  inches,  draws  the  gas  from  the 
piping  system  connecting  all  the  available  wells 
in  the  neighborhood.  From  a  partial  vacuum 
of  15  inches  the  gas  is  compressed  to  20  or  30 
pounds.  Tt  then  passes  through  a  w^ater  cooler 
to  the  second  nnchine.  which  has  a  4^/.~inch 
piston,  and  which  compresses  to  150  pounds  or 
over.  The  final  pressure  must  be  determined 
by  trial,  as  the  process  depends  considerably 
upon  the  quality  of  the  gas  and  the  refrigera- 
tion treatment.  Thus  in  this  plant  150  pounds 
compression  was  found  to  produce  more  gaso- 
line than  did  250  pounds  compression. 


The  gas  at  i5o-p()Uiids  pressure  passes 
through  an  80- foot  water  cooler,  and  then 
through  a  double  80-foot  gas  cooler,  the  latter 
using  the  by-product  gas  for  cooling.  The 
collecting  and  separating  tank  is  of  heavy 
boiler  plate  construction  and  resembles  a  40- 
horsepower  vertical  Ixjiler.  The  saturated  re- 
frigerated gas  under  a  pressure  of  150  pounds 
or  over,  enters  the  side  of  the  accumulator 
tank  at  a  point  about  two-thirds  its  height, 
measured  from  the  bottom.  A  bafHe  plate 
riveted  in  the  tank  deflects  the  flow  and  pre- 
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cipitates  the  gasoline.  The  accumulation  of 
gasoline  is  shown  by  a  gauge  glass,  and  period- 
ically the  attendant  blows  it  into  a  storage  tank 
of  i20-barrels  capacity.  A  similar  storage  tank, 
located  below  the  first  one,  is  shown  in  the 
foreground  of  Fig.  3.  The  storage  supply 
stands  at  about  20  pounds  pressure.  From  the 
stock  tanks  the  gasoline  is  loaded  into  iron 
barrels  of  about  50  gallons  each. 

The  gas  engines  are  of  the  tandem  type  and 
supplied  with  two  flywheels.  The  gas-engine 
cylinder  is  at  the  head  end  and  the  gas  com- 
pressor cylinder  next  to  the  crank  end. 
Both  the  engine  and  compressor  cylinders  are 
water-jacketed.  The  crank  case  on  some  of 
these  engines  is  closed  and  has  a  vent  pipe 
leading  above  the  building;  thus,  any  gas  leak- 
ing from'  the  cylinders  w^ill  be  carried  out  of  the 
building  and  the  danger  from  fire  or  explosions 
is  lessened.  The  make-and-break  spark  system 
is  used  for  ignition,  and  a  friction-driven 
magneto  for  each  engine  is  located  in  a  small 
building  some  100  feet  distant.  A  small  gas 
engine  operates  these  magnetos  and  also  the 
generator  for  lighting  the  plant.  An  air  start- 
ing outfit,  consisting  of  one  air  pump  com- 
pressing to  150  pounds,  air  receiver,  starting 
valves,  pressure  gauges,  etc..  makes  the  starting 
of  these  large  gas  engines  an  easy  and  a  safe 
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operation.  About  2  pounds  gas  pressure  is 
used  for  the  gas-engine  service.  A  regulator 
placed  outside  the  building  is  necessary  to  de- 
liver the  fuel  at  a  uniform  pressure. 

Cooling  System. — All  the   engine   and  com- 
pressor cylinders  are  water  cooled.    The  gas  as 


FIG.  2.  GAS  COOLER,  ACCUMULATOR  AND  LOADING 
HOUSE. 

it  comes  from  the  wells  is  probably  at  60  de- 
grees F.  The  heated  gas  from  the  first  com- 
pression goes  to  a  water  cooler  consisting  of  a 
concrete  vat  20  ft.  X  4  ft.  X  4  ft.  A  continu- 
ous flow  of  cool  water  passes  through  this  tank 
in  which  a  lo-inch  pipe  is  laid  lengthwise  along 
the  middle  and  to  which  the  3-inch  delivery 
pipe  from  the  first  compressor  is  attached  at 
one  end,  while  to  the  other  end  an  inlet  pipe 
to  the  second  compressor  is  attached. 

The  hdgh-pressure  gas  from  compressor  No. 
2  passes  first  through  an  automatic  separator 
that  removes  anv  lubricant  that  mav  be  carried 


FIG.  3. 


STORAGE   TANKS  LOADING    HOUSE  AND   MAG- 
NETO  BUILDING. 


over  from  the  compressor.  It  also  catches  any 
gasoline  that  may  drain  back  from  the  second 
cooler. 

The  second  cooler  is  80  feet  long  and  con- 
sists of  a  concrete  tank  like  the  intermediate 
cooler.  A  lo-inch  pipe  is  placed  lengthwise  of 
the  tank.     The  arrangement  of  the  piping  sys- 
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tcni  tor  the  sccoiul  codKt  ami  also  that  for 
cooKr  No.  ■{  is  shown  in  l^'ig.  4.  The  j-iiich 
dflivirv  pipe  enters  a  .special  fittitiK  at  the  rear 
end  of  the  lo-ineh  pipe,  and  the  water-cooled 
gas  passe>  out  a  3-inch  pipe  So  feet  distant. 
This  3-inch  pipe  enters  the  end  of  an  80- foot 
length  of  ()-inch  i)ipe,  and  retnrns  throngh  a 
second  So-ftutt  length  of  ()-inch  pipe  and  thence 
to  the  iiccuninlator  tank,  l-roni  the  gas  space 
in  the  top  of  the  accumulator  tank  a  pipe  leads 
to  a  gasoline  trap  which  collects  any  gasoline 
that  may  be  carried  over  from  the  accumulator 
and  returns  it  to  the  stock  tank.  This  trap  is 
also  tilted  with  a  pop  safety  valve  that  relieves 
the  accumulator  from  any  over  pressure  and 
delivers  the  gas  that  may  be  blown  ofi  to  the 
fuel-supply  gas  mains.  Above  the  gasoline 
trap  the  by-product  gas  passes  through  a  re- 
ducing valve  and  enters  at  low  pressure  the 
lower  80-foot  branch  of  the  6-inch  gas  cooler. 
This  No.  3  cooler  is  made  up  of  a  loop  of 
6-inch  pipe  laid  in  a  box  packed  with  sawdust. 

The  peculiar  design  of  the  cooling  system 
makes  it  necessary  to  use  some  specially  de- 
signed pipe  fittings.  The  cooling  effect  of  the 
expanded  by-product  gas  is  considerable,  as  it 
flows  160  feet  through  the  6-inch  pipe  that  en- 
closes the  160  feet  of  3-inch  pipe  carrying  the 
compressed  gas  to  the  accumulator.  From  the 
6-inch  gas  cooler,  the  expanded  gas  goes  to  the 
80-foot  water  cooler  and  passes  through  a 
3-inch  pipe  laid  lengthwise  through  the  center 
of  the  ID-inch  pipe.  From  cooler  No.  2  the  by- 
product gas  goes  through  a  2-inch  pipe  to  the 
gas  engine  feed-line.  The  by-product  gas  not 
used  by  the  plant  goes  into  the  natural  gas 
mains  and  is  sold.  The  overflow  water  from 
the  concrete  tanks  flows  by  gravity  to  the 
water-jackets  of  the  engines  and  compressors. 
The  by-product  gas  is  a  blue-flame  gas  that  is 
more  desirable  for  fuel  and  lighting  than  the 
raw  gas,  as  it  does  not  deposit  any  soot  or 
blacken  at  all  the  furnaces,  gas  mantels,  cook- 
ing utensils,  etc. 

The  partial  vacuum  produced  by  the  first 
compressor  as  it  draws  its  gas  supply  from 
the  wells  aids  both  the  oil  and  the  gas  pro- 
duction ;  in  fact,  in  some  cases  the  gas  is 
given  to  the  gasoline  plants,  by  the  oil  man, 
as  the  increase  of  oil  due  to  the  vacuum  is 
quite  an  item  to  the  well  owner.  At  the  same 
time,  however,  the  owner  draws  baek  all  the 
by-product  gas  he  needs  for  pumping  the  oil. 

The  vacuum  in  the  field  lines  is  one  of  first 
importance   in   gasoline  production.     So   great 


i^  this  feature  that  in  some  gasoline  i)lants  a 
special  independent  low-stage  vacuum  pump 
and  gas  compressor  has  been  instalU-d  so  as 
to  regulate  the  field  pressure  and  increase 
the  production.  This  machine  can  be  operated 
at  any  desired  si)ee(l  necessary  to  keep  the 
pressure  conditions  constant.  With  this  low- 
pressure  compressor  24  inches  or  more  of 
vacuum  can  be  held  on  the  wells,  and  at  the 
same  time  the  efficiency  of  the  regular  com- 
pressor units  not  be  lowered.  The  advantages 
observed  from  the  use  of  the  vacuum  sys- 
tem have  led  to  the  reopening  of  abandoned 
oil  fields,  not  for  the  oil  but  for  the  gas 
from   which   they  make  gasoline. 

The  business  of  making  gasoline  from  nat- 
ural gas  is  necessarily  a  hazardous  one.  It 
is  a  new  business,  and  this,  coupled  with  the 
usual  combinations  of  ignorance  and  care- 
lessness, makes  a  list  of  accidents  that  one 
would  naturally  expect.  Even  the  empty  bar- 
rels have  exploded  when  standing  exposed 
to  the  hot  sun  and  with  the  vent  plugs  set 
tight.  On  one  occasion  an  empty  went  up 
when  standing  on  the  freight  station  plat- 
form. Those  old  in  oil-well  service  have  be- 
come accustomed  to  handling  nitroglycerine, 
and  while  they  respect  it,  they  treat  it  with  a 
feeling  of  contempt.  On  the  other  hand, 
gasoline  of  from  92  degrees  to  100  degrees 
Baume  is  a  new  thing  to  them,  and  they 
have  got  "burned"  as  a  consequence.  There- 
fore, to  hear  an  operator  about  a  gasoline 
plant  remark  that  he  would  rather  carry 
"nitro"  than  gasoline  is  evidence  of  the  fear 
in  which   it  is  held. 

Gasoline  cannot  be  produced  from  all 
natural  gases,  at  least  not  in  paying  quan- 
tities. As  a  general  thing,  the  paying  propo- 
sition is  in  connection  with  oil  wells.  In 
some  cases  the  profits  have  been  very  great, 
and  in  the  present  state  of  the  art  it  is  not 
believed  that  the  highest  efficiency  is  yet  at- 
tained. Any  one  can  see  that  the  process  is 
one  of  conservation  of  the  very  best  order, 
and  fetches  to  the  owner  "a  smile  that  won't 
come    off." 


After  a  test  of  one  month  at  the  Gorgona 
shops,  Panama,  the  sand  blast  method  of 
cleaning,  and  the  pneumatic  painters  in  use, 
have  demonstrated  the  economy  of  the  method 
over  the  former  method  of  hammering  the 
scale  from  the  cars  and  painting  them  by 
hr'^sh. 
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NEW  METHOD   OF    METAL    COATING 

A  Swiss  engineer,  M.  Schoop,  has  invented 
a  new  process  for  producing  a  metal  coating 
on  various  metals,  by  spraying  a  cloud  of  fine- 
ly atomized  metal  particles  upon  the  surface 
to  be  covered.  The  new  method  was  first 
demonstrated  before  the  Engineers'  and  Arch- 
itects' Association  at  Zurich,  and  has  since 
been  presented  also  before  the  French  Acad- 
emy of  Sciences  by  Prof.   D'Arsonval. 

The  metal  is  melted  in  a  crucible  d  and 
is  allowed  to  escape  by  a  capillary  opening  g, 
under  a  pressure  placed  upon  the  surface  of 
the  melted  metal  by  compressed  air  or  other 
gas.  Just  after  emerging  from  the  opening, 
the  thread  of  melted  metal  escaping  under 
pressure  is  atomized  by  a  gas  or  steam  spray, 
so  as  to  form  a  cloud  of  finely-divided  me- 
tallic particles.  Through  this  cloud  is  passed 
very  rapidly  the  object  which  is  to  take  the 
coating.  An  inert  gas  is  best  used  to  give 
the  pressure  on  the  melted  metal,  while  an- 
other kind  of  gas  can  be  used  for  the  atomiz- 
mg.  If  desired,  such  a  gas  may  be  used  at 
this  stage  as  will  oxidize  the  metal,  so  as  to 
give  a  coating  of  oxide  instead  of  metal.  The 
action  of  depositing  the  metal  appears  to  be 
as  follows : 

When  the  metal  is  atomized  in  the  form  of 
a  cloud,  its  particles  strike  the  surface  which 
is  to  be  covered,  but  here  they  lose  their  orig- 
inal spherical  form  and  are  flattened  out  upon 
the  surface  into  blotches  which  unite  together 
and  form  a  continuous  layer  of  a  certain 
tickness  over  the  object.  The  metal  is  pro- 
jected at  a  very  great  speed  from  the  orifice, 
and  this  explains  why  the  particles  which  are 
no  longer  liquid  when  they  reach  the  surface 
of  the  object,  are  able  to  make  up  a  homo- 
geneous and  very  compact  layer  whose  dens- 
ity is  about  the  same  as  for  the  metal  in  its 
usual  state,  as  experiments  made  at  the  Zu- 
rich laboratory  have  shown.  Even  though  the 
metal  has  been  melted  in  the  crucible,  the  va- 
por is  not  very  hot  when  it  is  projected  out 
by  this  process,  so  that  there  is  no  difficulty 
in  depositing  it  upon  readily  combustile  sub- 
stances, such  as  paper,  wood,  celluloid,  or 
even  animal  tissues.  The  deposits  of  metal 
thus  prepared  are  much  harder  than  those 
obtained  by  the  usual  methods.  For  instance, 
tin,  when  cast,  showed  only  a  little  over  one- 
half  the  hardness  of  tin  applied  by  the  Schoop 


METAL   COATING   APPARATUS. 

process,  when  tested  by  the  Brinell  method  of 
dropping  a  steel  ball  and  observing  the  mark 
made  by  it.  Under  the  microscope  there  ap- 
peared to  be  no  difference  as  to  the  fineness 
of  the  structure  as  compared  with  the  ordin- 
ary metal. 

The  new  process  lends  itself  to  a  number 
of  interesting  and  useful  applications,  since 
most  of  the  common  metals  can  be  deposited 
in  layers  upon  various  surfaces.  One  very 
important  use  should  be  the  coating  of  struc- 
tural iron  to  protect  it  against  weathering. 
The  operation  should  be  readily  apphcable  to 
finished  structures,  such  as  cranes,  bridges, 
etc.  There  should  be  no  difficulty  in  making 
the  coating  apparatus  portable,  so  that  it  can 
be  used  on  the  spot  to  coat  the  ironwork  all 
over  with  a  non-rusting  metal  layer  more 
durable  than  any  kind  of  paint,  and,  as  the  in- 
ventor claims,  also  more  economical.  Numer- 
ous applications  which  suggest  themselves  for 
the  new  process  might  be  divided  into  two 
classes.  On  the  one  hand  we  may  wish  to 
coat  an  article  for  decorative  or  protective 
purposes ;  on  the  other  hand  the  aim  may  be 
to  form  a  crust  over  an  article,  in  order  to 
subsequently  strip  it  off  in  form  of  a  mold. 
Additional  uses  of  a  somewhat  different  char- 
acter are  the  coating  of  wood,  porcelain  or 
glass,  to  render  their  surfaces  conductors  of 
electricity;  and  the  metal  coating  of  glass 
mirrors,  whether  parabolic,  spherical,  plane, 
or  of  any  other  kind. — Paris  Correspondent, 
Scientific   American. 


One  of  the  most  marvelous  things  is  the 
burning  of  a  jet  of  hydrogen  gas  in  liquid 
air.  The  smoke  that  arises  from  the  com- 
bustion floats  off  in  the  air  as  pure  snow.  A 
flame  burning  brilliantly  in  the  midst  of  a 
liquid,  with  snow  given  off  for  smoke! 
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COMPRESSED   AIR  LEAKAGE  ON    THE 
PANAMA   CANAL 

A  series  of  tests  has  been  ni;nlc  of  the  air 
mains  in  the  Central  and  Pacific  Divisions 
to  determine  the  amount  of  waste  from  all 
causes,  and  the  proportionate  share  of  the 
cost  that  should  be  borne  by  each  division. 
It  \vas  found  that  there  was  practically  no 
leakage  in  the  main  between  the  Rio  Grande 
compressor,  and  the  beginning  of  the  Pacific 
Division  lines.  On  June  ii,  a  test  of  all  the 
mains  and  laterals  showed  a  total  loss  of  air 
of  24.89  per  cent  on  the  basis  of  the  output 
of  May.  of  which  only  5.8  per  cent,  was  on 
Pacific  Division  lines.  At  the  time  of  the  test, 
the  rtow  of  air  into  the  Pacific  Division  mains 
was  measurctl  by  a  meter.  It  has  been  deter- 
mined to  cut  out  all  laterals  for  the  Pacific 
Division,  north  of  the  flow  meter,  and,  since 
there  is  practically  no  leakage  betw^een  the 
compressor  plant  and  the  meter,  the  propor- 
tion of  cost  of  air  compressing  to  be  borne 
by  the  Pacific  Division  will  be  determined  by 
the    flow    through    the   meter. — Canal   Record. 


HIGH  ALTITUDE  TESTS  ON  BLOOD 

Under  the  auspices  of  the  British  Royal  So- 
ciety. Dr.  J.  S.  Haldane  and  Dr.  Gordon  Doug- 
las, both  of  Oxford  University,  England,  and 
Dr.  Yambell  Henderson,  of  Yale  University, 
New  Haven,  Conn.,  have  begun  a  series  of  ex- 
periments on  the  summit  of  Pike's  Peak,  Col- 
orado, to  determine  the  effect  of  high  altitude 
on  human  blood.  The  two  former  last  sum- 
mer experimented  in  this  matter  on  top  of 
Teneriffe.  off  the  west  coast  of  Africa.  Their 
findings  indicated  that  at  high  altitudes  the 
red  corpuscles  of  the  blood  increased  in  pro- 
portion to  the  amount  of  blood  in  the  body. 
The  object  of  further  experiments  is  to  de- 
termine whether  the  number  of  red  corpuscles 
is  actually  increased,  or  whether  the  blood 
simply  thickens  by  evaporation  of  water.  In 
this  connection  it  might  be  of  equal  interest 
and  value  to  have  the  effect  on  respiration  and 
the  blood  accurately  determined  by  penetrating 
into  deep  mining  shafts. 


DRILLING   RECORDS  OF  HAMMER 
DRILLS 

Hammer  drills  in  a   Pennsylvania  limestone 

quarrv.  w'here  the  stone  is  hard  but  is  readily 

chipoed.  drilled  holes  of  about  i3/^  in.  diameter 

to  a  denth  of  4  ft.  in  18  minutes,  and  in  a  test 

run   T4  in.  of  hole  was  drilled  in  4^/2  minutes. 


.Sharp  bits  were  found  to  cut  3  in.  more  than 
dull  ones  in  a  test  run  of  4' j  minutes.  No 
trouble  was  experienced  with  sludge  in  depths 
up  to  5  ft.  Similar  drills  sunk  rows  of  holes 
for  cutting  sandstone  blocks  in  an  Ohio  quarry 
at  the  rate  of  _'5  sec.  per  hole  of  18  in.  depth. 
In  bl(»ck-holing  hard  granite  in  a  crushed-stone 
(|u:irry.  holes  averaging  18  in.  in  depth,  but 
reaching  48  in.  in  some  cases,  were  drilled  at 
an  average  rate  of  i  in.  per  minute,  the  speed 
sometimes  reaching  2^2  in.  per  minute.  The 
air  pres.sure  averaged  80  lb.  per  .square  inch. 
In  this  case  six  men,  each  with  a  hammer  drill, 
replaced  18  hand-drillers  at  a  saving  which  is 
summarized  as  follows:  Eighteen  hand-drillers, 
at  $1.50.  $27.  Six  hammer  drillmen,  at  $1.50; 
air-compressor  operator,  $3.50;  one  ton  coal, 
$3 ;  repairs,  60  cents ;  oil,  etc.,  30  cents ;  inter- 
est on  plant,  60  cents ;  total,  $17.  This  gave  a 
saving  per  day  of  $10.  The  blacksmithing  is 
not  included  as  it  was  about  the  same  in  both 
cases. — Engineering  Record. 


WD  DO  NOT    BELIEVE  IT 

Grand  Forks,  B.  C,  June  3. — An  English 
sparrow  flew  into  one  of  the  compressor 
wheels  at  the  Granby  smelter  April  15  and 
came  out  alive  when  the  works  was  shut 
down  recently.  The  wheel  is  thirty-three  feet 
in  circumference  and  travels  no  revolutions 
a  minute.  According  to  calculations,  the 
bird  traveled  40,590  miles  in  its  forty-one 
days'  journey.  The  bird  lived  without  food 
or  water,  but  was  apparently  in  good  condi- 
tion when  the  compressor  shut  down,  as  it 
flew  around  the  office  several  hours  before  es- 
caping.— Press  Dispatch. 

[The  arithmetic  is  not  correct,  anyway, 
and  compressors  are  not  run  so  long  without 
a  stop. — Ed.  C.  A.  M.] 


'T  saw  a  sight  down  in  Oklahoma  last  week 
that  I  never  witnessed  before."  said  "Jim" 
Findlay  yesterday.  "I  saw  8,000  acres  of 
wheat  being  threshed  by  a  gas-driven  thresh- 
ing machine.  Two  immense  gas  wells  were 
recently  brought  in  near  Ponca  City,  in  Kay 
county,  and  Miller  Bros.,  of  loi  Ranch  have 
piped  the  gas  three  miles  to  their  ranch.  The 
big  wheat  field  is  gridironed  with  pipe  lines 
and  the  thresher  is  moved  about  the  field, 
coupled  to  one  of  the  pipe  lines  and  started 
by  the  striking  of  a  match. — Kansas  City- 
Journal. 
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THE  UNIVERSAL  COAL  CARVER 

While  we  are  looking  after  the  savings  in 
practical  coal  mining  there  is  nothing  more 
really  worth  saving,  nothing  which  it  is  more 
necessary  to  save,  than  the  time  and  strength 
of  the  miner.  The  operation  of  coal  getting 
is  simply  that  of  cutting  out  successive  por- 
tions of  the  embedded  mass.  A  knife  such  as 
that  with  which  a  loaf  of  bread  is  cut  would 
be  the  ideal  coal  carver,  but  no  one  yet  has 
found  it.  Next  to  that  would  be  a  saw,  but 
the  saw  insists  upon  conditions  which  make  it 
also  impracticable,  and  the  best  we  can  do  by 
any  mechanical  contrivance  yet  developed  is 
to  cut  in  slits  as  narrow  and  deep  as  possible 
and  then  to  break  the  coal  away  by  light  blast- 
ing or  otherwise. 

The  coal  puncher  idea  is  to  work  in  a  slit 
horizontally  as  far  as  possible  under  the  coal 
and  then  break  it  down.  Although  it  is  not  a 
very  thin  or  precise  slit  that  the  coal  puncher 
makes,  still  it  suffices,  and  the  device  enables 
the  men  to  get  out  more  of  the  coal  in  a  given 
time,  but  the  handling  of  the  machine  profit- 
ably cannot  be  anything  but  real  and  strenuous 
work.  The  puncher,  although  getting  to  be 
extensively  used,  still  insists  upon  its  condi- 
tions. Its  work  is  simply  that  of  undercutting 
in  seams  nearly  level.  When  pitching  seams 
are  to  be  worked  there  is  additional  labor  in 
holding  and  handling  the  machine,  and  even 
then  the  incline  must  be  only  a  slight  one. 

Here  the  radialaxe  comes  in,  to  work  at  any 
angle  just  as  well  as  at  any  other.  It  does  not 
necessarily  take  hold  in  cases  where  the  hori- 
zontal working  puncher  is  balked,  but  it  can 
do  all  the  work  of  the  puncher  right  through. 
When  the  radialaxe  is  actually  working  the 
operator's  work  in  manipulating  it  is  easy. 
As  compared  with  handling  the  puncher  the 
man  may  be  said  to  be  resting  when  he  is 
working.  There  is  more  work,  in  fact,  in  set- 
ting up  and  securing  the  radialaxe  than  in 
running  it,  but  this  is  no  more  than  the  hand- 
ling of  the   ordinary  rock   drill. 

The  precision  with  which  the  radialaxe  bit 
is  carried  and  guided  makes  the  cut  as  thin  as 
possible,  so  that  comparatively  little  fine  coal 
and  dust  is  produced.  This  precision  of  loca- 
tion and  perfect  control  of  direction  constitute 
an  important  feature  when  the  radialaxe  is 
used  in  cutting  out  a  fireclay  or  slate  band, 
such  as  often  occurs  in  a  seam,  and  which,  if 


6178 


lOMl'KKSSiiD  AIK    .M.\(  ..\/l  Mi. 


iml  ic-iin)\ccl,  im[);iii>  the  inarUct  \;ihu'  ol  ihc 
intirc  oiUpiit.  ll  woiikl  scarccls  be  ihouglu 
that  it  ooiild  1)0  pruvidod  for  ihc  prDprictur  ui 
a  coal  iiiiiK'  ti>  he  able  to  boast  of  the  excell- 
ence ami  i)iirity  oi  his  proiluct  on  account  of 
the  i)recision  ol  workiiij;  ot  ihe  machinery  em- 
ployed, this  heinj;  usually  the  pri\ilege  of  the 
manufacturer  alone. 

Tiuis  far  we  have  tlu)Ught  oi  the  radial- 
axe  coal  cutler  as  taking  its  cut  fre)m  the 
puncher  aiid  doing  its  work  also  horizontally 
or  in  planes  paralleling  the  seam,  but  in  addi- 
tion to  this  it  cuts  out  lines  of  employment  for 
itself  which  are  independent  of  the  puncher. 
Its  more  comfortal)le,  and.  as  we  might  say, 
mori  natural,  way  of  working  is  in  making 
vertical  cuts,  and  in  some  cases  by  this  means 
it  may  put  the  puncher  entirely  out  of  business. 
It  may  be  used  to  rapidly  cut  a  central  slit 
vertically  in  the  face  of  the  coal,  and  then  the 
coal  can  be  broken  down  and  thrown  out  by 
light  shots,  or  otherwise. 

The  work  of  the  machine  may  be  laid  out 
in  the  mind  as  the  making  of  cither  lines  or 
dots.  The  lines  may  be  horizontal  or  vertical 
or  at  any  angle,  representing  the  slits  or  cuts 
which  it  is  the  business  of  the  machine  to 
make,  and  the  dots  are  simply  holes  driven 
directly  forward,  as  the  radialaxe,  stopping  the 
radial  feed,  is  besides  all  else  a  complete  rock 
drill.  Such  a  machine  acts  not  only  to  con- 
serve the  effort  of  the  coal  miner,  but  also  of 
the  material  which  is  being  cut,  and  thus  in  a 
double  sense  becomes  an  element  in  the  con- 
servation of  natural  resources. 


ATMOSPHERIC    AGENCIES    AND  SOIL 
ACTIVITIES 

Considering  the  soil  factor,  or  more  proper- 
ly, factors,  it  is  now  clearly  recognized  that 
the  living  plant,  or  at  least  that  part  of  it  in 
the  soil,  the  root,  is  always  in  motion  while  the 
plant  lives.  The  soil  solution,  the  natural 
nutrient  medium  for  plants,  is  always  in  mo- 
tion ;  for  when  water  falls  upon  the  soil  there 
is  always  a  movement  into  and  through  the 
larger  soil  interstices,  mainly  by  gravity,  and 
when  the  precipitation  ceases  there  is  imme- 
diately surface  evaporation  accompanied  by  a 
return  to  the  surface  of  a  portion  of  the  ab- 
sorbed water  through  the  capillary  interstices 
and  in  films  over  the  soil  grains.  In  like  man- 
ner, the  soil  atmosphere  is  constantly  changing, 
iind  it  is  obvious  that  the  life  of  insects,  bac- 


teria, etc.,  in  the  soil  is,  a  process  of  gr<jwth 
and  decay,  and  therefore  of  constant  change. 

The  solid  particles  of  the  soil  are  likewise 
always  in  motion.  The  activities  of  insects, 
crawfish,  earthworms,  burrowing  animals,  etc., 
in  ti;in>Ioealing  >(»il  material  are  now  recog- 
nized as  being,  in  the  aggregate,  very  large. 
hYeezing  and  thawing  produce  considerable 
motion  of  soil  material,  li  has  recently  been 
slunvn  that  e\ery  change  in  the  moisture  con- 
tent of  a  soil  is  accompanied  by  necessary 
movements  of  the  soil  particles,  and  by 
changes  in  their  state  of  aggregation,  and  it  is 
obvious  that  under  field  conditions  a  soil  is  al- 
ways either  drying  out  or  being  wetted. 

Besides  these  movements  of  the  solid  soil 
particles,  resulting  in  profound  changes  from 
time  to  time,  not  the  least  of  which  is  an 
interchange  of  the  material  between  soil  and 
subsoil,  there  is  constantly  in  process  a  trans- 
location of  soil  material  from  field  to  field, 
from  area  to  area,  and  frequently  over  large 
distances.  As  a  result,  soils  are  notably  com- 
plex as  regards  their  composition — more  com- 
plex by  far  than  the  individual  rocks  or  rock 
magmas  from  which  the\-  have  been  derived ; 
and,  speaking  generally,  practically  all  soils 
contain  all  or  nearly  all  of  the  common  rock- 
forming  minerals. 

To  produce  this  state  of  affairs,  tw-o  natural 
agencies  are  competent — water  and  wind.  The 
effect  of  water  action  in  translocating  soil 
material  is  enormous,  but  restricted  by  the 
facts  that  water  can  run  down  hill  only,  and 
is  but  occasionally  in  action.  The  effects  of 
wind  action  are  quite  as  important,  for  the 
wind  is  constantly  in  action,  to  a  greater  or 
less  extent,  and  blows  up  hill  as  well  as  down. 
While  the  effects  of  water  action  may  be 
more  striking  and  impressive,  the  effects  of 
wind  action  are  quite  as  important,  from  the 
point  of  view  of  the  soils,  if  not  of  the  surface 
geologist. 

It  is  clear  that  not  only  has  the  wind  been 
an  important  agent  in  the  past  in  soil  trans- 
location, but  that  it  is  equally  important  to-day, 
not  only  in  forming  and  modifying  great  de- 
posits and  areas  of  soil,  but  in  modifying  and 
aflfecting  more  or  less  profoundly  every  farm 
and  field.  It  is  one  of  the  most  important  fac- 
tors in  the  complex  system  of  soil  movement 
affecting  soil  fertility.  No  fact  in  our  knowl- 
edge of  the  soil  is  now  more  clearly  defined 
than  that  the  soil  of  a  particular  field  is  not 
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just  the  soil  that  was  there  a  few  years  ago, 
or  just  the  soil  that  will  be  there  a  few  years 
hence.  Moreover,  it  appears  that  when  this 
translocation  is  at  a  ''normal"  it  is  beneficial, 
and  an  important  agency  in  maintaining  fer- 
tility. But  when  excessive,  "wind  erosion"  is 
'one  of  the  most  baneful  of  the  farmer's  trou- 
bles. Its  prevention  and  control  is  therefore 
one  of  the  great  practical  problems  of  agricul- 
ture, one  easily  met  in  the  majority  of  cases, 
but  sadly  neglected,  nevertheless.  Methods 
for  controlling  the  action  of  the  wind  must  be 
devised.  Windbreaks,  cover  crops,  rotation 
schemes,  cultural  and  other  methods  are  ac- 
tually in  use  to  this  end,  more  or  less  success- 
fully ;  but  in  few  localities  can  it  be  said  that 
the  problems  have  been  met  with  complete 
success,  and  an  unusual  opportunity  is  open  for 
experimental  work  of  a  most  useful  kind. — 
Bulletin  No.  68,  Bureau  of  Soils,  Dept.  of  Ag- 
riculture. 


MISINFORMATION     ON   CONPRESSED 
AIR  PRACTICE 

[The  followmg  interesting  matter  is  a  por- 
tion of  an  article  upon  "Compressed  Air  in 
Mines,"  by  Richard  Sutcliffe,  which  appeared 
in  a  recent  issue  of  The  Iron  and  Coal  Trades 
Review,  London.  We  reprint  it  here  chiefly 
as  a  curiosity.  The  article  ostensibly  and  quite 
earnestly  advocates  the  use  of  compressed  air 
in  mmes.  It  may  have  been  written  a  quarter 
of  a  century  ago  and  just  now  resuscitated  for 
publication.  Whenever  written  it  is  more 
wrong  than  right  all  through,  its  errors  being 
so  glaring  that  it  is  not  here  necessary  for  us 
to  call  the  attention  of  our  readers  to  them  in 
detail] 

Many  and  various  attempts  have  been  made 
to  produce  a  satisfactory  air  compressor,  but 
such  an  one  has  not  yet  been  built,  nor,  in  the 
writer's  opinion,  is  there  likely  to  be  one  whilst 
the  matter  is  treated  so  illogically  by  makers 
of  this  class  of  machinery.  But  a  little  time 
ago  we  were  asked  to  expect  great  things  from 
compressing  air  in  stages.  These  great  things, 
however,  have  not  materialized.  Sixty  pounds 
per  square  inch  is  ample  pressure  for  all  re- 
quirements, and  this  is  easily  got  without  stage 
compression  ;  indeed,  higher  pressure  is  incon- 
venient for  coal-cutting,  conveying,  and  such- 
like machinery,  where  hose  pipes  have  to  be 
used. 

In   order   to   deal   properly   with   compressed 


air  it  must  not  be  considered  as  though  it  were 
steam,  for  although  compressed  air  and  steam 
are  alike  in  some  essentials,  they  differ  widely 
in 'others.  In  order  to  get  the  best  results  from 
steam  it  must  be  used  at  a  high  temperature 
and  hence  the  most  economical  are  the  high- 
speed engines,  and  as  compressing  is  done  at 
present  it  is  possible  in  speeding  up  the  engine 
to  over-run  the  compressor  and  so  get  no  com- 
pressed air  at  all.  The  cause  of  this  is,  of 
course,  that  we  have  only  atmospheric  pressure 
to  fill  the  cylinder  and  operate  the  inlet  valves. 
A  further  disadvantage  of  the  high-speed  com- 
pressor is  that  the  air  is  unduly  heated,  a 
clear  proof  that  the  best  work  is  done  by  the 
slow-running  machine. 

Even  when  the  air  is  compressed  in  the 
present  illogical  manner,  it  is  all  too  often  al- 
lowed to  waste  in  driblets  before  doing  any 
useful  work.  If,  as  is  often  the  case,  this  hap- 
pens on  the  surface,  what  may  we  expect  below 
ground,  when  it  is  remembered  that  there  are 
586  joints  in  each  mile  of  pipes  laid,  so  that  a 
small  leak  at  each  joint  must  and  will  leave  a 
low  pressure  or  small  volume  at  the  far  end. 
These  are  trifles,  perhaps,  and  in  practice  are 
too  often  forgotten  or  ignored,  but  they  are 
trifles  which  are  continuous  and  persistent  and 
often  form  the  dividing  line  between  success 
and  failure. 

In  former  years  the  installation  of  such 
plants  was  often  of  an  experimental  nature 
and  seldom  received  the  care  and  forethought 
they  now  claim,  and  although  every  colliery 
manager  knew  that  the  friction  of  air  in  mo- 
tion varied  with  the  square  of  the  velocity  mul- 
tiplied by  the  rubbing  surface,  etc.,  yet  3-in.  or 
4-in.  pipes  were  the  sizes  often  chosen  to  convey 
the  air,  with  the  result  that  there  was  not  a  work- 
ing pressure  at  the  coal-cutters,  even  when  the 
compressor  was  blowing  off  at  60  lbs.  pressure 
or  more.  Where  air  has  fo  be  transmitted, 
say  for  a  mile,  to  two  or  three  coal-cutters,  the 
pipes  should  not  be  less  than  8  in.  in  diameter, 
and  the  smallest  leakage  should  not  be  permit- 
ted in  the  whole  distance. 

To  sum  up  the  subject  of  the  use  of  com- 
pressed air  in  mines,  it  certainly  appears  that 
were  it  more  expensive  than  it  really  is,  it 
would  still  be  a  most  desirable  adjunct,  even  if 
used  solely  as  a  factor  of  wise  precaution.  In 
order  to  produce  compressed  air  economically, 
it  should  be  done  by  a  slow-running  compres- 
sor,  whatever   the   form   of  prime-mover   em- 
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ployed  ti)  oporato  il.  Tlu'  ct)nipr(.'>>iiin  oiikIik' 
should  1)0  fitted  with  Kt'^iTiiors  actuated  by 
the  air  pressure  so  as  to  prevent  waste  in  blow- 
ing:: off  air  at  the  receiver.  With  these  few 
precautions  compressed  air  is  (piite  capable  of 
economical  use  in  operating  the  various  ma- 
chines below  ground,  and  with  the  present 
trend  of  legislation  will  probably  be  the  only 
practical  operating  power  permitted  beyond  the 
safe  zone  at  the  pit  bottom. 


COMMENT  AND  SUGGESTION  ON  THE 
BRITISH    AIR   RACE 

The  air  race  carried  out  in  these  islands 
since  our  last  issue  cannot  be  described  from 
whatever  point  of  view  we  regard  it  as  any- 
thing else  than  splendid.  As  a  spectacle  it  was 
inspiring ;  as  a  significant  indication  of  the 
progress  being  made  in  aeronautical  engineer- 
ing it  was  surprising;  and  as  an  exhibition  of 
sheer  brutal  pluck  on  the  part  of  the  aviators 
competing,  it  was  magnificent.  To  fly  over  a 
set  course  of  a  thousand  miles  or  so,  and  to 
do  this  in  the  face  of  fog,  hail,  rain,  and  blind- 
ing sun,  is  in  itself  a  sufficiently  great  achieve- 
ment for  these  early  days  of  the  art.  But 
when  we  reflect  that  at  least  two  of  the  avia- 
tors. "Beaumont"  and  Vedrines,  kept  to  the 
scheduled  time  allowed  for  the  different  sec- 
tions of  the  route  with  a  precision  which  many 
railways  might  envy,  we  begin  to  grasp  some 
idea  of  the  portent  which  the  art  of  artificial 
flight  bears  for  the  future  and  of  w^hich  the 
shadow   is   already  at  our  feet. 

Add  one  other  fact.  Before  the  race  com- 
menced five  essential  parts  of  each  aeroplane 
and  five  essential  parts  of  each  motor  were 
officially  stamped.  For  a  competitor  to  estab- 
lish a  claim  to  the  prize  at  least  tw^o  of  each 
sets  of  parts  of  his  machine  had  to  pass 
through  the  entire  contest  unchanged.  As  a 
matter  of  fact,  the  winner  returned  with  all 
the  marked  parts  in  position.  Here  surely  is 
proof  that  the  engineering  side  of  aviation  is 
no  less  wonderful  than  the  other.  Man  and 
motor  have  conjointly  been  tested,  and  the 
verdict  pronounces  them  as  equally  successful. 
Twenty-one  competitors  left  Brooklands  last 
Saturday  afternoon,  and  of  these  sev^enteen 
reached  Hendon  hard  on  one  another's  tails. 
Since  then  one  by  one  their  number  has  been 
diminished  through  accident*  and  delay  until, 
as  Edinburgh.  Glasgow,  Carlisle.  Manchester, 
Bristol,    and    Brighton    were    in    turn    passed, 


princii)al  interest  setlU'd  down  on  four.  "Beau- 
mont," Vedrines,  Valentine,  and  llamel.  The 
lirst  named  was  the  first  to  reach  Br(H)klands 
on  the  return  trip,  and  won  the  iio.ooo  prize 
offered  by  the  Daily  Mail. 

Hut  when  all  is  done,  when  the  prize  is 
awarded,  and  when  the  sensations  of  the 
moment  abate,  some  thought  may  perhaps  be 
given  to  the  cost  of  such  a  race.  We  do  not 
mean  the  monetary  cost — for  aviators  have 
every  chance  of  becoming  wealthy  at  a 
moment's  notice — but  the  cost  in  the  way  of 
lost  nerve  power  and  of  shortening  of  life 
which  the  strain  of  flying  exacts  from  the  air- 
man. The  rapidity  with  which  an  aviator 
springs  into-  public  prominence  is  almost 
equalled  by  the  suddenness  of  his  retiral  as  an 
active  exponent  of  his  art.  Those  who  a  year 
ago  were  foremost  in  the  field,  and  who  have 
escaped  the  death  continuously  waiting  for 
them  while  they  were  flying,  have  all  retired 
from  the  active  participation  in  public  con- 
tests. The  reason  for  this  is  only  too  obvious, 
and  while  we  believe  that  chance  is  being 
gradually  eliminated  from  the  domain  of 
aeronautics,  it  is  certain  that  the  nervous  ten- 
sion to  which  an  aviator  is  subject  during  all 
the  time  of  a  flight  is  a  more  serious  barrier, 
and  one  which  will  have  to  be  reckoned  with 
in  the  near  future.  It  will,  for  instance,  al- 
most certainly  entirely  preclude  for  all  time 
the  participation  of  the  majority  of  people  in 
the  pleasures  and  dangers  of  artificial  flight. — 
The  Engineer,  London. 


TUNNEL   AIR    AND    THE  CORROSION 
OF   RAILS 

Mr.  Percy  Longmuir  in  a  paper  before  the 
Iron  and  Steel  Institute  of  Great  Britain,  gives 
an  account  of  investigations  of  the  acid  corro- 
sion of  rails  in  tunnels  on  the  main  lines  of 
several  English  railways,  involving  analyses  of 
tunnel  air,  tunnel  water  and  the  scale  on  the 
rails. 

One  of  the  distinct  features  in  connection 
with  the  corrosion  of  steel  by  atmospheric 
action  is  an  appreciably  high  content  of  sul- 
phur. Samples  of  rust  taken  from  widely  dif- 
ferent localities  and  environments  showed  dis- 
tinctly higher  sulphur  content  than  the  steel 
from  which  the  scale  was  formed.  Samples 
from  main-line  rails  at  four  points  remote 
from  each  other  showed  a  sulphur  content  of 
0.24  to  0.37  per  cent,   in   open   situations,   and 
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in  one  case,  in  a  cut  leading  to  a  tunnel, 
showed  0.57  per  cent,  or,  in  terms  of  SO3,  0.61 
to  0.93  per  cent,  and  1.44  per  cent.,  respectively. 
The  general  investigations  in  this  connection 
show  that  samples  of  rust  from  rails  laid  in 
normal  positions  do  not  contain  less  than  0.2 
per  cent,  sulphur,  whereas  the  average  sulphur 
content  of  British  rails  is  below  0.06  per  cent. 

The  difficulties  of  sampling  tunnel  atmos- 
pheres were  recognized,  in  that  a  variation  in 
the  currents  of  air  was  found  even  in  the 
absence  of  traffic,  and  a  variation  of  the  sam- 
ple with  the  level  from  which  it  was  taken. 
The  results  were  therefore  taken  to  refer 
only  to  the  particular  sample,  and  not  neces- 
sarily as  indicating  the  general  conditions. 
Five  samples,  taken  within  a  period  of  two 
hours  in  one  wet  tunnel,  showed  an  acid  con- 
tent of  0.08  to  0.24  per  cent.,  four  out  of  the 
five  being  above  0.16  per  cent. 

In  the  same  tunnel  the  sulphur  content  of 
the  air  was  shown  by  the  fact  that  water  drain- 
ing into  the  tunnel  contained  sulphates  to  the 
extent  of  0.25  grains  per  gallon,  expressed  as 
SO3,  whereas  that  draining  away  from  the 
track  in  the  tunnel  contained  1.59  grains  per 
gallon  and  that  standing  in  stagnant  pools 
contained  13.60  grains  per  gallon. 

An  examination  of  the  sooty  deposit  on  the 
side  walls  showed  the  presence  of  2.83  per  cent, 
of  sulphur,  of  7.10  per  cent,  of  SO3.  Two 
analyses  of  corroded  deposits  from  the  rails 
in  the  tunnel  showed  3.68  and  2.89  per  cent, 
of  sulphur,  respectively,  or  9.22  and  7.29  per 
cent,  of  S03.   . 

About  the  same  time  as  the  above,  an  in- 
vestigation was  made  of  a  second  main-line 
tunnel,  which  was  well  drained,  had  no  stand- 
ing water  and  was  generally  of  a  dry  char- 
acter. Four  samples  of  the  air,  taken  within 
i^  hours,  showed  acid  traces  in  two  cases  and 
o.io  per  cent,  acids  in  the  other  two.  In  gen- 
eral the  acids  were  practically  negligible  in  the 
tunnel   air. 


NEW  BOOK 

Railway  Shop  Kinks.  Compiled  by  Roy  V. 
Wright,  New  York,  Railway  Age  Gazette. 
290  pages,  9x12  inches,  803  illustration,  $2. 

The  prizes  offered  by  the  Railway  Age  Ga- 
zette for  shop  "kinks"  from  railway  shops 
brought  out  an  astonishing  number  of  labor- 
saving  or  otherwise  profitable  apparatus  and 
contrivances     in     actual     and     successful     use 


which  were  successively  shown  in  the  pages 
of  that  journal  and  are  here  reproduced  in 
similar  form.  The  work  in  railroad  shops  is 
so  nearly  Hke  that  of  steam  engine  and  ma- 
chine shops  in  general  as  to  render  these 
kinks  widely  applicable.  Pneumatic  devices 
are  shown  in  great  variety. 

Practical  Applied  Electricity.  By  David 
Penn  Moreton,  B.  S.,  E.  E.,  Chicago.  The 
Reilly  &  Britton  Co.,  440  pages  7x4^  inches, 
340  illustration,  $2  net. 

This,  as  the  title  page  further  tells  us,  is 
"a  book  in  plain  English,  for  the  practical 
man."  It  is  a  clear,  concise  and  comprehen- 
sive compendium  of  information  such  as  the 
man  of  the  ship  or  the  man  who  is  in  charge 
of  or  in  any  way  has  to  do  with  electrical  ap- 
paratus will  need  to  know.  The  language  is 
plain,  the  computations  are  simple  and  the 
examples  are  to  the  point. 


AN  AIR  COMPRESSOR  STETHOSCOPE 

The  little  halftone  above  shows  an  air  com- 
pressor or  steam  engine  stethoscope  or  knock 
finder.  It  is  applied  to  cylinders,  valve  chests 
and  other  parts  where  there  may  be  internal 
and  abnormal  knocking,  known  or  suspected, 
and  it  intensifies  the  sound  in  a  way  which 
greatly  facilitates  the  locating  of  the  trouble. 

No  explanation  is  required.  The  sensitive 
corrugated  diaphragm  is  lightly  pressed  against 
the  machine  surface  and  whatever  knocking 
there  may  be  within  is  greatly  intensified  as  it 
reaches  the  ears  through  the  air  tubes.  The 
instrument  is  moved  about  over  the  surface 
until  the  point  of  greatest  sound  intensity  is 
found  which  locates  the  knock  within.  It  can 
of  course  be  used  upon  moving  machinery  of 
all  types. 

The  Vibracator,  as  it  is  named,  is  made  by 
Hopewell  Brothers,  Newton.  Mass. 


TESTING  THE  "  CEMENT  GUN  "  AT 
PANAMA 

A  test  of  the   cement  gun  as   a  means   of 

coating  the    surface   of   rock   in    Culebra   Cut 

to  prevent  disintegration  is  in  progress.     The 
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so-called  **giin"  is  a  compressed  air  apparatus 
[described  in  Comtressei)  Air  Macazine, 
June.  i<>ii]  for  forcing  cement  and  sand  from 
a  lank  through  a  nozzle,  at  the  mouth  of 
which  water  is  mixed  with  these  materials, 
forming  a  concrete  which  is  cast  upon  the 
surface  to  be  coated  with  such  force  as  to  be- 
come part  of  the  rock  itself.  For  the  work  in 
Culebra  Cut,  the  apparatus  is  mounted  on  a 
t1at  car.  at  one  end  of  which,  is  a  bin  for  mix- 
ing the  saiul  .iiui  cemeiU.  One  day's  supply 
is  carried,  or  enough  to  coat  200  square  yards 
with  a  layer  one  inch  thick,  in  nine  hours  of 
work.  The  car  was  rigged  up  at  Empire 
shops,  and  the  machine  was  tested  by  allow- 
ing it  to  coat  a  boiler  with  asbestos.  Five 
men  are  required  in  operating  the  plant,  their 
work  including  mixing  and  delivering  the  ma- 
terials, and  operating  the  gim. — Conal  Record. 


NOTES 

A  single  block  of  stone  estimated  to  weigh 
8000  tons  is  reported  as  recently  blasted  out  in 
the  W'ilkensen  stone  quarries,  Washington.  It 
was  about  56  ft.  long  by  50  ft.  high,  which 
should  make  its  third  dimension  about  35   ft. 


Some  astonishing  engine  speeds  were  noted 
in  a  recent  automobile  race  in  England.  One 
engine  made  2,490  r.  p.  m.  and  1.794  feet  per 
minute  piston  speed  as  an  average  for  the  race, 
the  maxinuun  speeds  being  considerably 
higher. 


Ammonia  refrigeration  tanks  exploded  July 
30  during  a  fire  at  Brockton,  Mass.,  which  de- 
stroyed the  Satucket  Block  and  part  of  the 
Holbrook  Building.  Three  firemen  were  badly 
injured.  The  tanks  were  a  part  of  the  cold 
storage  plant  of  the  Brockton  Public  Market 
Co. 


A  mine  rescue  tournament  will  be  held  at 
the  experiment  station  of  the  Bureau  of  Mines 
at  Arsenal  Park  in  Western  Pennsylvania  on 
Sept.  ID.  Contests  will  be  held  in  first-aid 
work,  fire  fighting  and  the  use  of  oxygen  hel- 
mets, and  a  number  of  new  safety  devices  will 
be  given  a  trial. 


In  one  minute,  in  a  state  of  rest,  the  aver- 
age man  takes  into  his  lungs  about  8  liters  or 
48.8  cubic  inches  of  air.  In  walking,  he  needs 
16  liters  or  97.6  cubic  inches ;   in  climbing,  23 


liters  or  140.3  cubic  inches;  in  riding  at  a  trot, 
3^  liters  or  201.3  cubic  inches;  and  in  long 
distance  running,  57  liters,  or  347.7  cubic 
inches. 


1  he  Illinois  Traction  System  has  equipped 
some  of  its  new  cars  with  air  signal  whistles 
in  ihc  j)lace  of  bell  signals  for  the  use  of  con- 
ductors in  signaling  the  motormen.  The  signal 
is  operated  by  a  bell  cord,  but  the  air  whistle 
is  believed  to  be  more  certain  of  operation 
than  the  bell.  If  this  proves  to  be  the  case  the 
whistles  may  be  installed  on  all  the  cars  of  the 
company. 


We  are  becoming  familiar  with  denatured 
alcohol  and  now  we  are  beginning  to  hear  of 
denatured  sugar,  which  in  France  is  not  to  be 
subject  to  duty  when  used  by  textile  manu- 
facturers in  spinning  and  weaving.  The 
crystallized  cane  sugar  is  to  be  mixed  in  fixed 
proportions  with  blue  vitriol.  Glucose  also 
comes  under  this  heading,  including  invert 
sugar  and  dextrose,  which  are  to  be  mixed 
with  formaldehyde  and  ammonia  sulphate. 


The  preservation  of  iron  in  concrete  is  again 
attested  in  the  demolition  of  an  old  gasometer 
at  Hamburg,  Germany,  as  reported  by  Fer  et 
Acier,  of  Brussels.  This  structure  was  built 
about  1852  and  when  taken  down  the  iron  an- 
chor bolts  which  had  been  completely  encased 
in  a  cement  concrete  were  found  to  be  as  fresh 
and  bright  as  new  iron,  with  no  traces  what- 
soever of  rust. 


At  the  laboratory  of  the  Mines  Company  of 
America's  property  at  La  Colorado,  a  device 
for  drying  pulp  and  slime  samples  is  installed 
which  is  of  interest,  because  of  its  simplicity  and 
effectiveness.  Instead  of  drying  the  samples  by 
heat,  the  moisture  is  extracted  by  a  vacuum 
process,  employing  the  principle  of  the  Moore 
filter.  A  canvas  is  stretched  across  the  bottom 
of  a  small  sample-dr3'ing  pan,  and  the  vacuum 
applied  at  the  bottom  by  a  hand  pump.  The 
pans  are  6  in.  across  and  2  in.  deep. 


The  Hungarian  government  has  decided  to 
monopolize  the  tremendous  natural  gas  source 
recently  discovered  at  Kissarmas.  in  Transyl- 
vania, of  which  the  daily  yield  amounts  to 
26.000.000  cu.   ft.     This  is  the  most  important 
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source  of  gas  in  the  world  so  far  discovered. 
The  gas  comes  out  of  the  ground  at  a  pressure 
of  over  30  atmospheres.  In  view  of  the  tre- 
mendous pressure,  it  is  quite  impossible  to 
reach  the  orifice  of  the  well,  which  promises  to 
become  a  source  of  wealth  for  the  whole  coun- 
try. 


In  1908  the  total  value  of  stone  products  in 
the  United  States  was  $65,712,499.00,  of  which 
Vermont  produced  $7,152,624.00  and  stood  for 
the  first  time  a  leader.  Of  this  total  $18,420,- 
080.00  represented  the  value  of  granite.  Ver- 
mont produced  $2,451,933.00  and  led  all  states. 
The  value  of  marble  produced  during  that 
same  year  was  $7,733,920.00,  of  which  Vermont 
supplied  $4,679,960.00  and  again  stood  first.  Of 
the  slate  produced  the  totals  are  not  obtainable, 
but  it  is  certain  that  Pennsylvania  led  Ver- 
mont. 


It  is  stated  in  Cosmos  that  recent  researches 
seem  to  indicate  that  ozone  is  far  from  being 
the  ideal  air  sterilizer  and  purifier.  In  ex- 
periments especially  directed  toward  determin- 
ing the  efficiency  of  ozone  in  workshops  it  was 
found  that  while  the  reduction  in  the  number 
of  microbes  was  manifest,  so  that  perfect  steril- 
ization by  its  use  could  be  obtained  in  10  or  12 
hours,  a  desirable  degree  of  purification  could 
not  be  obtained  unless  the  percentage  of  ozone 
passed  the  limit  where  it  begins  to  be  noxious, 
if  not  dangerous,  to  the  human  organism. 


The  volume  of  carbonic  acid  exhaled  by  a 
human  being  in  the  course  of  twenty-four 
hours  is  put  at  about  100  gallons ;  but  by 
Boussingault's  estimate,  a  single  square  yard 
of  leaf-surface,  counting  both  the  upper  and 
the  under  sides  of  the  leaves,  can,  under  favor- 
able circumstances,  decompose  at  least  a  gallon 
of  carbonic  acid  in  a  day.  One  hundred  square 
yards  of  leaf-surface  then  would  suffice  to 
keep  the  air  pure  for  one  man,  but  the  leaves 
of  a  tree  of  moderate  size  present  a  surface  of 
many  hundred  square  yards. 


East  of  the  Missouri  River  in  South  Dakota, 
it  is  estimated,  more  than  one  thousand  ar- 
tesian wells  now  exist,  drawing  their  water 
from  the  supply  carried  by  the  underlying 
sandstone  formation,  and  supposed  to  corne 
from  the  Black  Hills  and  the  Rocky  Moun- 


tains. These  wells,  used  mainly  for  irrigation 
purposes,  are  from  500  to  1,000  feet  deep,  and 
the  pressure  of  water  in  the  eastern  part  of 
the  State  is  sufficient  to  give  a  surface  flow, 
except  on  the  highest  lands.  One  well  yields 
3,292  gallons  per  mniute,  and  furnishes  power 
for  a  flour  mill  by  day  and  for  an  electric  light 
plant  by  night. 


The  city  of  Sherman,  Tex.,  has  recently 
closed  contracts  for  the  purchase  of  machinery 
for  pumping  water  from  wells  in  connection 
with  the  water-works  system  by  means  of  air 
compressors.  The  contracts  were  placed  with 
the  De  La  Vergne  Machine  Co.,  1107  E.  138th 
street.  New  York,  for  one  180-horse-power 
type  "FH"  engine,  and  with  the  American- 
Diesel  Engine  Co.  of  St.  Louis  for  one  170- 
horse-power  Diesel  engine.  Each  engine  is  to 
operate  a  700-foot  Ingersoll-Rand  two-stage 
compressor  and  a  small  triplex  pump,,  both 
pump  and  compressor  to  be  operated  by  belts 
from  the  engines. 


A  large  subaqueous  tunnel  is  approaching ' 
completion  at  Hamburg,  the  work  having  been 
in  progress  about  five  years  and  the  cost  ap- 
proximating $2,640,000.  The  tunnel  is  being 
driven  20  ft.  below  the  bed  of  the  River  Elbe 
and  comprises  two  tubes  19.88  ft.  in  diameter 
and  1476  ft.  long;  the  river  is  about  33  ft. 
deep  at  midstream.  The  tunnel  ends  at  the 
one  bank  in  the  suburb  of  St.  Pauli  and  at  the 
other  in  Steinwarder,  another  suburb  of  Ham- 
burg. The  buildings  on  both  sides  of  the  river 
forming  the  entrances  to  the  tunnel,  with  their 
copper-coated  domes  and  ornamented  with  re- 
liefs and  pillars,  will  constitute  noteworthy 
sights  of  the  town.  At  each  entrance  there 
are  six  elevators  for  pedestrians  and  vehicles. 


The  fixation  of  atmospheric  nitrogen  for  fer- 
tilizer purposes  is  growing  rapidly  in  import- 
ance, and  its  remunerativeness  is  plainly  shown 
in  the  report  presented  recently  at  a  stockhold- 
ers' meeting  by  the  president  of  the  Norske 
Hydroelektriska  Aktie  Sellskap,  Norway, 
which  is  capitalized  at  about  £400,000.  During 
last  year  dividends  amounting  to  8  per  cent,  on 
the  preferred  stock  and  5  per  cent,  on  the  com- 
mon stock  were  paid.  The  gross  earnings  dur- 
ing the  year  amounted  to  £240,000,  of  which 
£70,000  was  net  income.  The  company  is  now 
developing,  in  conjunction  with  other  financial 
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interests,  sonic  135.000  h.p.  in  difTcrnit  parts  of 
Norway,  all  to  Ix.-  applied  to  tlic  iiiaimfaoturr 
i)f  nitratrs   from   the  atinosphcre. 


Ill  a  few  nH)nths  an  intfrostiiiK  niginecring 
feat  will  have  heen  accomplished  in  1  lamburg. 
This  is  the  construction  of  a  gigantic  tunnel 
beneath  the  river  l-.lhe  which  has  cost  nearly 
eleven  million  marks,  and  has  now  been  in 
progress  for  nearly  five  years.  The  tunnel, 
which  comprises  two  tubes  6.o()  m.  in  diameter 
and  450  m.  long,  is  6  ni.  beneath  the  bed  of  the 
river,  which  in  the  middle  is  10  m.  deep  where 
the  tunnel  crosses.  The  tunnel  ends  at  the 
one  bank  in  the  sulmrb  of  St.  Pauli  and  at  the 


stamps)     to     the     Commissiortfr    af    Patents, 
li^'ashington,  D.   C. 

JIM.Y    4. 
iMMj.r.'ti.    i'Li:.\Ni.\(;  apparati^s.    james  l. 

Wallaok   ;iii(I    llAitVKY    \Vai-la<'i:,    CIiIcmko,    111. 

9;tG.7or..      piiocioss    uf     i'Dkii-'Ying    air. 

Anhon  K.  C'ltoHH,  Wirithrop,  Mass. 
2.  Th<'  nutliod  of  imriryiiiK  air  comprising 
pa.ssiiiK  it  tlirouKli  a  .suit;il>lc  liqiild  eU'ctrolyte 
and  addiiiK  t(»  the  air  ox.vk'm  which  Is  formc-d 
by  electrolysis  of  the  liciuid  ixiformcd  In  .such 
a  manner  iliat  the  oxyji^cn  is  e(»nduct<(l  into  the 
air  current  while  the  other  tfaseous  constituent 
of  the  electrolyte  is  prevented  from  mixture 
with    the    air. 

APPARATUS  FOR  DRYING  AIR. 
B.  King  and  William  K.  IIugheb, 
Ohio,    and    Frank    W.    Hall,    Detroit, 


;t!)().771. 
.7  a  .m  ks 
CIvde, 
Mich. 
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other  in  Steinwarder.  another  suburb  of  Ham- 
burg. The  buildings  on  both  sides  of  the  river 
forming  the  entrances  to  the  tunnel,  with  their 
mighty  copper-coated  domes  and  ornamented 
with  reliefs  and  pillars,  will  constitute  note- 
worthy sights  of  the  town.  At  each  entrance 
there  are  six  elevators  for  pedestrians  and 
vehicles,  \vhich  operate  almost  without  attend- 
ants, the  starting,  speeding  up,  slowing  down, 
and   stopping  all  being  effected  automatically. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  (not 


996,832.      DESICCATING    MILK.      Charles    H. 

Campbell,    New    York,    N.    Y. 
996,842.      TUNNELING-MACHINE.      George    A. 

Fowler,   Denver,   Col. 
996,850.       COMBINED     OZONE     GENERATOR 

AND    INHALING   APPARATUS.      Robert    P. 

GuiLET,   Akron,   Ohio. 
996.860.      APPARATUS    FOR    CLEANING    AIR 

OR    GAS    FILTERS.       Paul    Kestner,    Lille, 

France. 
996,880.        PNEUMATIC      HAMMER.        Samuel 

Oldham,    Philadelphia,    Pa. 
996,889.  PNEUMATIC  HAMMER.- Henry  Schu- 
macher,   Denver,    Colo. 
996,920.       TRANSMISSION-GEAR.       James     H. 

Gibson   and   Henry    L.    Whitman,    St.    Louis,. 

Mo. 

2.  In  a  transiriission  gear,  the  combination  of 
a  pair  of  shafts,  one  of  which  is  provided  with 
a  plurality  of  cranks,  and  a  plurality,  of  fluid 
controlled  means,  each  carried  intermediate  of 
its  ends,  by  the  other  shaft  and  each  having  a 
piston   way   and  by-pass   located   wholly   therein,. 


COMPRESSED  AIR  MAGAZINE. 


6185 


Pneumatic  Patents  July  h. 


and    pistons    in    the    piston    ways    having    piston 
rods  connected  in  pairs  with  said  cranks. 
996.943.      DRIER.      Louis    E.    Rogers,    Chicago, 

111. 

1.  The  combination  with  a  kiln  for  burning 
clay  articles,  of  a  substantially  air-tight  drying 
chamber,  a  housing  inclosing  said  chamber  and 
spaced  apart  therefrom,  a  waste  heat  conduit 
connected  with  the  kiln  and  provided  with  open- 
ings in  said  conduit  whereby  the  heat  is  caused 
to  circle  exterior  of  the  chamber  and  to  com- 
municate heat  thereto,  and  means  for  maintain- 
ing a  partial  vacuum  in  the  chamber  to  with- 
draw therefrom  the  vapor  generated  by  the  heat 
from  the  articles  being  dried  therein. 
996,991.  VACUUM  APPARATUS.  Paul  C.  Lit- 
tle, Carnegie.  iPa. 
997.096.       PNEUMATIC     REAMER.       John     S. 

ScHOFiELD,    Gershom,    Forest    Hall,    and    J6hn 

Swift,    Hull,   England. 
997,207.     AIR-MOTOR.  James  Peteracek,  Ober- 

lin,    Kans.,    administrator   of   Anthony  Kolsky, 

deceased. 
13,266.     (Reissue).     METHOD  OF  PREPARING 


LIQUID  HYDROCARBON  FOR  COMBUS- 
TION. Edward  J.  Wiggins,  Chicago,  111. 
1.  The  method  of  preparing  liquid  hydrocar- 
bon for  combustion,  which  consists  in  conduct- 
ing separately  liquid  hydrocarbon  and  air,  both 
in  unheated  condition,  to  a  point  of  mixing  the 
two  while  in  such  condition,  spraying  the  un- 
heated mixture  in  its  course  to  the  point  of 
consumption  into  the  atmosphere,  thereby  atom- 
izing it  while  in  such  unheated  condition  and 
mixing  more  air  with  the  resultant  fluid,  and 
thereupon  immediately  subjecting  the  mixture 
to   a   "cracking"   temperature   in   said   course. 

JULY   11. 

997,307.  PNEUMATIC  STACKER.  Wallace 
F.    MacGregor,    Racine,    Wis. 

997.339.  OZONIZER.  Jan  Steynis,  New  Yoik. 
N.    Y. 

997,442.  AIR  FILTER  AND  PURIFIER.  Ha -.- 
RY  K.   DiFFENDERFER,   Lancaster,    Pa. 

997,523.  DUPLEX  PRESSURE-CONTROL  AP- 
PARATUS. Walter  V.  Turner,  Edgewood, 
Pa. 
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l»l>7.r.4S.       VACri'M    CLF.ANINC    A  l'l'AKA'i'i;S. 
Ijoris    VV.    iJ.    I<'LYNr.    Ritrlustci.    N.    Y. 

i)i>7.<;«;i.      pNKrMATic    \va'1'i:ii-hij-:vator. 

V'kun<^k    I^.    IOm.ison,    SImwnrr,    ()kl;i. 
l>tt7,«;;»S.        MlMNC.-MACIllNIO.        Kit.NKHT      Tkn- 

HKltTMY,    raiiii'Silali'.    Mirli. 
i»l>7.7:!J.       IT  MP     I'OK     PORTA  HLIO     VA(^UUM- 

(M.IOANIOHS.       iKViNiJ    K.     Baxticu.     Utlcu.     N. 

v..     and     Chaui.es     F.     Barkktt,     Bridgeport, 

t'oiiii. 
997.S»;4.      VAtMTM-SKPAUATOR.       IIkuhkkt    A. 

SlMPBON.    IIdmum-.    Mii'li. 
007. S7i:.      A1R-(H>(>LIN(',    MACIIINH.      William 

\V.    NVai.i.kk.    WasliiiiKtoii,    I  >.    C. 
!»;>7.S7S.       I  IDT- AIR    LOCOMOTIN'K.      SAMUEL   J. 

Wkhu,    Mimit'M,    La. 
!<i>7.:t;5(;.      pnioumatic   stacker.      Frederick 

L.   Sattlky.   ItidianaiH>ll.s.   Iiid. 

JULY    18. 

998.059.      PUMPING    SYSTEM.      Frederick    C. 
Weber,   New   York,   N.   Y. 


t>!ts.:n:!.     PNiorMA'i'K '-action   P'or  pianos. 

Pktkk    Wiuukn.   CliicaKo.    III. 
9l>s.:{7»i.  l-'LUID-PRIOSSPRh:      APPARATUS. 

Thomas     Mohh.      Poii.sinoutli,     and     William 

MosH.    WIrmii,    I'^iiKlaiid. 
99S.:{SS.         VALVF-OIOAR      I'OR      APPARATUS 

l''OR     RALSINC.     LI(.JUII>.S.       Hakuy     PaulinO, 

( J»;l.^»'iikiiclirti.    ( ;<  rmaiiy. 
99S.41S.      lONOINF-STARTINc;    DFVKJE.     Orbo- 

ORY    J.     Si'oHiMCK,     I'^iaiiklin.     Pa. 
99S.477.      PNI':rMATI('    HAMMI-:it.      (Jmarleh    F. 

Duval     and      IIk.nry      MfOiCKMOTT,      Lt-udvillc, 

Colo. 
J)!tS,4SS.     SKINAL.      BarriN(;ton   I'"1srouson,  l<^er- 

ni<^.    British    Coluinbla.    (Canada. 
!t:»S.49l).   FLUID-OPFRATFD  SAFETY-CLUTCH. 

William    Alexander  (Iokdon,  Slielton,   Conn. 

JULY   25. 

99S.648.  DUST-COLLECTOR  FOR  VACUUM 
CLEANING  SYSTEMS.  Gulbran  Snipen.  St. 
Louis,   Mo. 


^  9  ^  ^ 


998.975 


Pneumatic  Patents  July  25. 


1.  In  a  pumping  system  the  combination  of 
a  source  of  fluid  pressure  supply,  a  liquid  cham- 
ber having  inlet  and  discharge  valves,  means  for 
admitting  fluid  pressure  from  said  supply  to 
said  chamber,  and  for  exhausting  said  pressure 
therefrom,  said  means  including  a  differential 
pressure  and  gravity  actuated  valve. 
998,111.       SAND-BLAST     APPARATUS.       John 

D.   Murray.    San   Francisco,   Cal. 
998,115.       COMBINATION    VOLTMETER.    AM- 
METER,    AND     PNEUMATIC     PRESSURE- 
GAGE.     Lowell  P.  Norton,  Los  Angeles,  Cal. 
998,128.  COMBINED       AIR       PUMP       AND 

CUSHION.  Benjamin  W.  Smith,  Montpelier, 
Ind. 
998,157.  STARTING  DEVICE  FOR  GAS-EN- 
GINES. GusTAV  Chedru,  Buffalo,  N.  Y. 
998.159.  DEVICE  FOR  BLOWING  WHISTLES 
ON  VESSELS.  John  S.  Clarke,  East  Cleve- 
land,  Ohio. 

998.171.  PNEUMATIC  FOR  AUTOMATIC 
PLAYER  PIANOS.  Axel  G.  Gulbransen. 
Chicago,   111. 

998.172.  PUMP  FOR  INFLATING  RUBBER 
TIRES.     Cyrus    A.  Haas,  St.  Louis,  Mo. 

998.201-2.  REGULATOR  FOR  FLUID-COM- 
PRESSORS.    Ward  Raymond,  Easton,  Pa., 

998.226.  PNEUMATIC  HAMMER.  George  L. 
Badger,   Quincy,    Mass. 


998,659.  PNEUMATIC  TOOL.  Wilber  H.  Van 
SiCKEL,  Philadelphia.  Pa. 

998,709.  TURBINE-BLOWER.  William:  Mc- 
Clave,    Scranton,   Pa. 

998,735.  MACHINE  FOR  FORMING  AND 
BLOWING  GLASS  ARTICLES.  John  I.  Ar- 
bogast,   Pittsburg.   Pa. 

998,841.  HOSE-COUPLING  FOR  AIR-BRAKES. 
Nelson   Clegg,    Neodesha,   Kans. 

998,864.  ROTATION  DEVICE  FOR  FLUID- 
PRESSURE-OPERATED  HAMMER-TOOLS. 
Albert  H.   Taylor,   Easton,   Pa. 

998.891.  VACUUM-CLEANER.  Joseph  E. 
Gearhart,  Clearfleld,  Pa. 

998,910.  ROCK-DRILLING  MACHINE.  Paul 
Lange.   Brieg.   near  Breslau,  Germany. 

998.919.  PNEUMATIC  HAMMER.  Reinhold 
A.    NoRLiNG,    Aurora.    111. 

998,923.  PNEUMATIC  CLOCK.  Pierre  Poet- 
To,    Paris.    France. 

998,975.  HEATING,  COOLING,  AND  VEN- 
TILATING SYSTEM.  P^ANK  P.  Mies,  Chi- 
cago,   111. 

998,997.  PNEUMATIC  SHOCK-ABSORBER. 
Giuseppe  Taraglio,   Rome,    Italy. 

999,003.  PROCESS  OF  OBTAINING  NITRO- 
GEN.    Charles  E.  Acker,  Ossining.  N.  Y. 

999.035.  AIR-CIRCULATOR.  James  Keith, 
London.   England. 
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TUNNEL  DRIVING    IN   THE  ALPS* 

By  W.  L.  Saunders. 

The  first  Alpine  tunnel  was  the  Mont  Cenis, 
length  7.5  miles,  driven  with  a  progress  that 
averaged  about  7.75  ft.  per  day.  Next  came 
the  Saint  Gothard,  9.5  miles  long,  18  ft.  per 
day;  Arlberg,  6.5  miles  long,  27.25  ft.  per  day; 
Simplon,   12.25  miles  long,  36  ft.  per  day. 

The  figures  represent  progress  when  driv- 
ing from  two  headings,  so  that  by  dividing 
them  in  two  we  get  the  daily  single-heading 
progress.  The  latest  of  the  Alpine  tunnels  is 
the  Loetschberg.  In  this  work  the  world's 
record  has  been  beaten  by  a  single  day's 
record  in  one  heading  of  36  ft.  and  by  an 
average  daily  record  in  one  heading  of  29.5 
feet. 

The  advance  of  the  heading  or  "pilot" — ir- 
respective whether  it  be  driven  top  or  bottom 
— is  the  factor  controlling  the  rate  of  advance, 
as,  under  normal  conditions,  the  enlargement 
to  full  size,  timbering,  and  lining,  readily  keep 
pace  with  the  advance  of  the  heading.  The 
manner  of  mucking  in  the  headings  and  the 
time  required  to  do  it  average  about  the  same. 
The  increased  average  gain  in  the  rate  of 
advance  has  been  concurrent  with  the  im- 
provement in  the  machinery  employed  in  the 
headings.  Experience  has  led  to  great  ad- 
vances in  speed  and  economy,  as  will  be  seen 
from  the  particulars  of  the  tunnels  through 
the  Alps. 

Length. Progress  Daily.  Cost  per 
Miles.  Linear  Yds.     Linear  Yd. 
Mont   Cenis    7.5  2.57  £226 


*Abstract  of  a  paper  read  before  the 
American  Institute  of  Mining  Engineers, 
Wilkesbarre,  Pa.,  June,   191 1. 


Saint    Gothard..  .     9.5  6.01  £148 

Arlberg    6.5  9.07  £108 

Simplon    12.4  12 

In  1857  the  first  blast  was  fired  in  connec- 
tion with  the  Mont  Cenis  work;  in  1861  ma- 
chine-drilling was  introduced ;  and  in  1871 
the  tunnel  was  opened  for  traffic. 

In  1872  the  Saint  Gothard  tunnel  was  com- 
menced, and  in  1881  the  first  locomotive  ran 
through  it.  Mechanical  drills  were  used  from 
the  commencement. 

The  driving  of  the  Arlberg  tunnel  was  com- 
menced in  1880,  and  the  work  completed  in 
little  more  than  three  years.  The  main  head- 
ing was  driven  along  the  bottom  of  the  tun- 
nel and  shafts  were  opened  up  from  25  to  70 
yd.  apart,  from  which  smaller  headings  were 
driven  right  and  left.  The  tunnel  was  en- 
larged to  its  full  section  at  different  points 
simultaneously  in  lengths  of  8  yd.,  the  exca- 
vation of  each  requiring  about  20  days,  and 
the  masonry  14  days.  Ferroux  percussion 
air-drills  and  Brandt  rotary  hydraulic  drills 
were  used,  and  the  performance  of  the  latter 
was  especially  satisfactory.  After  each  blast 
a  fine  spray  of  water  was  injected,  which  as- 
sisted the  ventilation  materially.  In  the  Saint 
Gothard  tunnel  the  discharge  of  the  air-drills 
was  relied  on  for  ventilation.  In  the  Arl- 
berg tunnel  more  than  8,000  cu.  ft.  of  air  per 
min.  was  thrown  in  by  ventilators.  In  long 
tunnels  the  quick  transport  of  materials  is  of 
equal  importance  with  rapid  drilling  and  blast- 
ing. In  the  Arlberg,  to  keep  pace  with  the 
miners,  900  tons  of  excavated  material  had  to 
be  removed,  and  350  tons  of  masonry  to  be  in- 
troduced, daily,  at  each  end  of  the  tunnels, 
which  necessitated  the  passage  of  450  cars. 
This  traffic  was  carried  on  over  a  length  of 
3.5  miles  on  a  single  track  of  27-in.  gauge  with 


()iSS 


LDMl'UliSSiaj  AIR  AlAdAZlXE. 


tvvD  sidings.  W  lull  tlu-  ItKoniotivi-'s  r.'m  into 
tlu-  mniKl  tlu-  lin>  wi-rc  (hiinpi'd  (lown,  and 
as  tlu-  pri'ssiirc  in  tlu-  hoiK-r  was  15  attnos- 
pluTis.  the  sti)rt'd-up  lual  in  llu'  water  Inr- 
ni>>lu(l   tlu'   necessary  power. 

IHK    SIMl'I.ON      rrNNKL. 

W  aur  power  was  enipk)yed  for  all  pur- 
poses ;il  eaeli  eiul  ot  this  tunnel.  It  runs  up- 
grade from  each  eiul  tmvards  its  center,  hence 
tliere  is  a  natural  drainage,  which  saves  pump- 
ing. The  distance  hetween  portals  is  12.4 
miles,  and  except  for  a  short  curve  at  each 
end,   the   hiteral   aligmnent   is  straigiit. 

The  work  consists  of  twin  single-track  tun- 
nels exact !>•  parallel  in  plan  and  profile,  and 
lined  thrt)ughout  with  masonry.  The  centers 
of  the  tunnels  are  55.76  ft.  apart;  at  the  sum- 
mit-level the  cross-section  is  increased  in  di- 
mensions to  accommodate   two   tracks. 

A  center  bottom  drift  was  first  driven  by 
power  drills,  and  then  timbered  and  covered 
with  a  closely-boarded  roof.  From  this  drift 
a  shaft  was  driven  upward  to  the  roof-line 
every  1(14  ft.  (50  m.).  The  top  heading  was 
then  excavated  by  working  in  both  directions 
from  each  of  these  shafts.  Next  in  order,  the 
floor  of  the  upper  heading  is  removed  and 
then  the  two  side  checks  of  the  bottom  drift. 
The  lower  drift  being  timbered,  no  interrup- 
tion of  the  traffic  in  it  w^as  caused  by  the  re- 
moval of  the  rock  above. 

The  advance  drift  w-as  the  only  part  of  the 
operation  performed  by  power-drills.  The 
drills  employed  were  Brandt  rotary  machines 
mounted  in  groups  of  two  on  a  heavy  thrust- 
bar  about  12  in.  in  diameter.  This  thrust-bar 
was  pivoted  to  a  drill-carriage  and  was  coun- 
ter-balanced. 

The  section  at  the  heading  was  nominally 
6.5  by  9.5  ft.,  or  61.75  sq.  ft.,  and  as  the 
depth  of  each  blast  was  roughly  4.5  ft.,  the 
material  removed  by  each  blast  ranged  from 
265  to  275  cubic  feet. 

The  average  daily  advance  was  about  16 
ft.  at  the  Italian  end  and  from  20  to  21  ft.  at 
the  Swiss  end.  This  work  was  in  gneiss  rock. 
In  rock  of  more  friable  nature,  such  as  an- 
hydrite or  calcium  sulphate,  an  advance  of  as 
much  as  34  ft.  in  24  hr.  was  made.  After 
each  blast,  the  time  required  to  clean  the  head- 
ing, set  the  drills,  complete  the  boring,  and  re- 
move the  drill-carriage,  was  more  than  an 
hour. 

The  spoil  was  cleared  from  the  face  by  one 


gang  while  another  gang  loaded  the  collected 
nuick  int'i  narrow-gauge  cars  hauled  by 
horse.s.  .No  machines  were  used,  all  the  ma- 
terial being  handled  by  manual  labor.  The 
work  of  clearing  the  heading  was  rushed  to 
enable  the  drills  to  he  put  to  work  as  soon  as 
possible.  To  this  eiul  the  clearing-gangs  were 
composed  of  men  who  had  been  previously 
rested  by  performing  light  work  only,  and 
only  the  most  skilled  and  energetic  laborers 
were  employed.  The  majority  of  the  work- 
ers were  from  southern  Italy.  There  were  14 
or  15  men  at  each  heading,  worked  in  three 
shifts  daily.  ' 

The  time  si)enl  in  clearing  away  the  spoil 
equaled  that  consumed  in  drilling,  and  it  is 
in  this  clearing  that  a  saving  of  time  is  likely 
to  be  effected  rather  than  in  the  process  of 
drilling. 

THE   LOETSCHBERG   TUNNEL. 

The  main  tunnel  is  47,678  ft.  long,  and  it 
was  first  planned  to  be  on  a  tangent.  On  July 
24,  1898,  v/hen  the  main  heading  had  reached 
a  point  1.6  miles  from  the  portal,  it  struck  a 
cleft  filled  with  sand,  gravel,  and  water.  There 
was  a  sudden  and  violent  inburst  of  these 
materials,  which  in  a  few  moments  filled  up 
the  tunnel  for  a  length  of  5,900  ft.,  burying 
25  W'Orkmen  and  all  the  drills  and  other  in- 
stallations beyond  hope  of  recovery.  It  is 
estimated  that  about  8,000  cu.  yd.  of  sand  and 
gravel  entered  the  tunnel.  To  avoid  any 
further  irruption  of  the  materials,  the  tunnel 
was  walled  up  by  a  33-ft.  wall  at  a  point  4^675 
ft.  from  the  portal.  The  new  line  leaves  the 
original  location  at  a  point  0.75  mile  from  the 
north  portal.  No  further  serious  difficulty 
was  experienced  in  tunneling  through  the  di- 
version. 

Driving  of  the  headings  was  begun  on  Oct. 
I,  igo6,  for  a  single-track  tunnel,  and  con- 
tinued until  Oct.  I,  1907,  when  it  was  decided 
to  drive  a  double-track  tunnel;  86  per  cent,  of 
the  tunnel  had  been  driven  by  Oct.  31,  1910. 
The  headings  met  Mar.  31,  191 1.  On  Oct.  31, 
1910,  the  4,000  ft.  of  heading  which  had  been 
abandoned  after  the  cave-in  of  1908  had  been 
regained. 

The  power-plant  for  the  south  heading  is 
situated  at  Goppenstein.  It  is  driven  by  elec- 
tric power.  The  current  is  brought  at  15,000 
volts,  and  stepped  down  to  500  volts  for 
power-purposes.  Compressed  air  for  the  drills 
(Ingersoll-Rand)   is  furnished  by  3  two-stage 
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FIG.    r.     CAR    WITH   DRILLS    SWUNG  AROUND  TO  RUN   CAR    BACK. 


Ingersoll-Rand  compressors,  each  having  a 
capacity  of  1,950  cu.  ft.  of  free  air  per  min., 
and  a  compression  of  145  lb.  per  sq.  in.  They 
are  driven  by  400-h-p.  electric  motors.  Com- 
pressed air  for  the  locomotives  is  furnished 
by  2  four-stage  Ingersoll-Rand  compressors, 
having  a  capacity  of  460.  cu,  ft.  of  free  air  per 
min.,  and  a  compression  of  1,760  lb.  per  sq.  in. 
They  are  driven  by  250-h-p.  electric  motors. 

At  the  north  heading  air  for  the  drills  is 
furnished  by  tw^o  units,  each  consisting  of  a 
two-stage  Meyer  air  compressor,  each  having 
a  capacity  of  1,770  cu.  ft.  of  free  air  per 
min.,  and  a  pressure  of  117  lb.  per  sq.  in. 
They  are  belt-driven  by  450-h.p.  electric  mo- 
tors. 

Compressed  air  for  the  locomotives  is  fur- 
nished by  two  units,  each  consisting  of  a  five- 
stage  Meyer  high-pressure  compressor,  with  a 
capacity  of  565  cu.  ft.  of  free  air  per  min., 
and  a  pressure  of  1,760  lb.  per  sq.  in.  They 
are  belt-driven   by  a   25o-h.-p.   electric  motor. 

The  records  made  in  driving  the  headings 
are  due  to  the  excellent  organization,  and  to 
the  methods  of  setting  up  and  taking  down 
the  drills.  A  drill-carriage  of  simple  but  effi- 
cient  design    was   devised   by   the   contractors. 


Each  carriage  carries  foiir  or  five  drills.  Fig. 
I  is  a  view  of  a  carriage  with  drills  mounted 
and  swung  into  position  to  be  taken  from  the 
heading  before  a  blast  and  Fig.  2  shows  the 
carriage  with  bar  and  saddles  for  four  drills 
swung  crossways  as  in  use.  Fig.  3  shows  the 
carriage,  together  with  the  drilling-machines, 
when  brought  forward  just  .after  mucking  in 
the  heading.  Fig.  4  shows  the  horizontal  shaft 
swung  into  position  ready  for  being  jacked, 
and  the  drills  ready  to  be  swung  into  the  posi- 
tion shown  in  Fig.  5.  It  can  be  easily  seen 
from  Fig.  5  that  the  drills  can  be  independent- 
ly swung  through  an  arc  of  a  circle  or  moved 
sideways,  while  in  Fig.  6  the  different  posi- 
tions which  the  drills  can  be  given  by  being 
swung  in  a  vertical  plane  are  shown. 

The  time  required  to  change  the  machine 
from  the  position  shown  in  Fig.  3  to  that 
shown  in  Fig.  5  and  to  commence  drilling  is 
usually  from  6  to  8  min.  This  fact  alone 
shows  the  superiority  of  this  system  of  carry- 
ing the  drills  for  such  work  over  any  other 
method  used  up  to  the  present  time. 

The  sequence  of  excavation  is  illustrated  in 
Fig.  8.  A  bottom  heading  6.5  by  10  ft.  is  first 
driven  several  hundred  feet  in  advance  of  the 
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enlargement.  Upraises  are  then  driven  from 
500  to  600  ft.  apart,  and  a  top  heading  started 
back  and  forth.  The  top  heading  is  then  en- 
larged as  shown  by  the  sections  in  Fig.  8. 

When  the  inclination  of  the  strata  is  verti- 
cal or  the  formation  is  of  a  treacherous  na- 
ture, the  method  illustrated  by  Sections  B-B 
and  E-E  in   Fig.  8  is  used. 

In  the  bottom  heading  the  mining-opera- 
tions proceed  as  follows:  The  drill-carriage 
is  run  forward  from  its  siding  close  to  the 
face  of  the  heading,  passing  over  5  ft.  by  5 
ft.  by  %-in.  steel  plates  laid  on  the  floor  of 
the  heading  for  a  length  of  about  30  ft.  Each 
plate  is  provided  with  i-in.  holes  at  the  cor- 
ners for  ease  in  handling  with  a  pick. 

The  water-and  air-pipes  laid  on  one  side 
of  the  heading  to  about  40  ft.  from  its  face 
are  connected  with  the  drill-carriage,  and  the 
drilHng  begins  with  the  top  holes.  Water- 
sprinkling  is  frequently  done,  especially  in 
starting  the  holes,  in  order  to  lay  the  dust. 

Without  interfering  with  drilling,  rriucking 
is  going  on  just  behind  the  drill-carriage,  and 
the  loaded  muck-cars  are  run  back  to  a  sid- 
ing, where  trains  of  from  20  to  30  cars  are 
formed  and  hauled  out  by  air-locomotives. 
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Drilling  being  completed  in  the  heading,  the 
drill-carriage  is  run  back  to  its  siding,  and 
the  steel  plates  laid  on  the  floor  are  covered 
with  a  layer  of  muck  about  4  in.  thick  to 
prevent  deterioration. 

The  bore-holes  are  then  loaded  and  care- 
fully tamped,  and  the  last  man  to  leave  the 
heading,  after  firing  the  fuse,  opens  the  air- 
pipe  valve,  and  escaping  air  thus  creating  a 
cushion  of  fresh  air  from  the  face  of  the  head- 
ing back  to  a  certain  distance,  so  that,  after, 
blasting,  the  muckers  are  able  to  go  to  work 
without  delay. 

A  high-grade  explosive  only  is  used  in 
the  heading,  which  breaks  the  rock  in  small 
pieces  and  renders  mucking  with  shovels  easy. 
The  bore-holes,  having  an  average  depth  of 
about  4  feet,  are  started  with  .a  3-in.  drill  and 
finished  with  a  2-in.  drill.  On  account  of  giv- 
ing better  results,  firing  is  done  with  fuses, 
about  4  ft.  long,  the  center  holes  being  fired 
first. 

Mucking-operations  proceed  as  follows : 
Two  empty  cars  are  run  to  the  heading,  the 
first  one  being  immediately  loaded  by  two  or 
three  men  shoveling  without  interruption  un- 
til the  car  is  fully  loaded.     This  operation  is 


COMPRESSED  AIR  MAGAZIXE. 


6191 


FIG.   2       B\R   IM    POSITION   FOR   WORKING  FOUR   DRILLS. 


perforrned  in  3  or  4  min.,  which  means  that  i 
en.  yd.  is  loaded  in  from  2.5  to  3  min. 

Owing  to  the  manner  of  drilHng  and  blast- 
ing and  to  the  shallow  holes,  the  muck,  in- 
stead of  piling  up  in  front  of  the  face  of  the 
heading,  is  thrown  back,  and  forms  a  layer 
over  the  floor,  which  enables  the  track  to  be 
cleared    rapidly. 

Getting  rid  of  the  muck  is  always  a  problem 


in  tmnel-driving.  At  Loetschberg  a  cubic- 
meter  car  (35.5  cu.  ft.)  is  filled  in  5  min.,  and 
it  takes  only  i  min.  to  get  this  car  away  and 
bring  an  empty  car  to  the  heading.  In  order 
to  do  this,  small  entries  or  chambers  are  ex- 
cavated at  intervals  in  the  lateral  wall  of  the 
main  heading,  which  enable  an  empty  car  to 
be  thrown  from  the  track  on  the  side,  thus 
clearing  the  track  and  allowing  the  filled  car 
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to  ]);iss,  u  lui  riipnii  tlu-  iiuptx  c;ir  is  tiinu-d 
up  tm  its  wheels  and  rolled  into  tin-  iuadiii^. 
Here  wo  have  ati  illustration  of  an  improvised 
siding  ill  a  narrow  heatlin^.  h\'  means  of  which 
one  car  may  pass  another.  This  system  is 
shown  in  Fig-.  9.  the  operation  heinj.-  as  fol- 
k>ws : 


.\{\L{\^  t 
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When  the  car,  ./,  is  tilled,  it  is  taken  away 
on  the  track,  B,  and  immediately  after  it  has 
passed  the  point.  C.  the  empty  car,  D,  which 
had  been  reversed  on  its  lateral  side,  is  thrown 
back  on  the  track,  brought  to  the  advance- 
ment and  filled  again  in  the  space  of  one 
minute.  As  soon  as  car.  D,  has  been  brought 
to  the  adxancement.  another  empty  car.  E,  is 
brought  to  the  same  point.  C,  reversed  on  its 
side,  and  waits  until  car.  D,  is  tilled  and  taken 
away  again,  etc.  In  one  instance.  14  carloads. 
each  of  i  cu.  m.  volume,  were  taken  away  in 
1.5  hr.,  which  cleared  the  heading  completely 
and  allowed  the  drill-wagon  to  be  brought  in. 
Ten  men  are  busy  removing  the  debris,  two 
of  which  number  get  at  the  extreme  limit 
marked  F,  and  their  work  consists  in  search- 
ing the  debris  for  the  dynamite  cartridges 
which  might  not  have  exploded.  Of  the  re- 
maining eight  men.  four  work  to  fill  the  car, 
as  shown  at  M,  which  takes  5  min. ;  they  then 
rest  for  5  min.,  while  the  second  gang  of  four 
men  come  and  fill  the  second  car,  etc. 

Drilling  is  started  not  more  than  5  min.  af- 
ter the  removal  of  the  last  car-load.  This 
result,  which  at  first  sight  seems  impossible,  is 
only  obtained  by  absolute  discipline. 

The  man  who  knows  that  his  only  work  at 
this  moment  is  to  connect  the  air-main  to  the 
drill-carriage  does  not  do  anything  el.se ;  the 
men  whose  duty  it  is  to  screw  the  carriage 
tightly  to  the  wall  immediately  jump  to  the 
right  place. 


I  he  s_\steiii  li.is  hicti  adopted  of  low  and 
with'  gallery  in  liu-  pioportion  of  i:j;  the 
gailrrv    being  (>  ft.  high  by   ij  ft.   wide. 

I  he  rate  of  drilling  is,  15  or  i()  holes  in 
II    1.15  hours. 

l)rilling  in  the  top  heading  is  accomf)lished 
by  means  of  two  or  three  drills  carried  on 
trijiods  or  on  a  horizontal  b:tr,  while  hammer 
hand-drills  are  used  Jienerall\  for  the  enlarge- 
ment. 

.Mucking-operatioiis  in  the  top  heading  are 
\ery  simple,  since  all  blasted  material  is 
dumped  directly  through  the  iii)-raiser  into 
cars  running  on  a  siding  in  the  bottom  head- 
ing. 

The  operations  of  blasting,  mucking,  tim- 
bering, and  hauling  are  performed  without  in- 
terruption and  without  interference  with  each 
other,  and  a  special  force  of  engineers  is  re- 
quired in  order  to  obtain  such  a  result. 

All  employees  and  workmen  are  insured 
against  accident  or  death,  by  the  contracting 
company,  and  great  care  is  therefore  exercised 
in  handling  explosives  and  in  operating  the 
trains. 


UNRELIABLE  CURRENTS  OF  THE 
UPPER  AIR 

An  English  investigator,  in  a  recent  lecture 
before  the  Aeronautical  Society,  stated  the 
following  facts  which  he  had  observed :  On 
an  island,  the  wind  has  a  greater  velocity  a 
few  hundred  feet  above  the  ground.  Above 
2.000  ft.,  an  easterly  wind  does  not  increase 
much.  A  southwesterly  or  westerly  wind  in- 
creases even  between  2.000  and  3.000  ft.  A 
wind  that  is  southeasterly  in  the  stratum  near 
the  earth  veers  to  south  or  even  southw^est  at 
a  short  distance  from  the  ground.  A  norther- 
ly wind  sometimes  changes  direction  higher 
up.  becoming  northwesterly.  As  a  general 
rule,  for  other  winds  than  northerly,  a  change 
in  direction  of  two  points  on  the  compass  (one 
point  equals  an  angle  of  11^  degrees,  the 
compass  having  ^2  points)  and  a  doubling  of 
the  velocity  may  be  expected  between  the 
ground  and  an  altitude  of  3.000  ft.,  excepting 
on  warm,  sunny  spring  and  summer  days, 
when  the  currents  mix  and  become  equalized. 

The  English  journal,  Flight,  adds  the  follow- 
ing facts :  The  limits  between  which  a  20- 
mile  wind  varies  are  15  miles  and  25  miles. 
The  time  interval  between  variations  may  be 
less  than  four  seconds,  as  many  as  17  changes 
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in  one  minute  having  been  observed.  These 
variations  .affect  not  only  the  velocity  but  also 
the  direction.  One  has  not  been  able,  how- 
ever, to  find  any  regular  coincidence  of  the 
changes  in  direction  and  velocity. 

Flug-Zeitschrift,  published  at  Vienna,  gives 
an  account  of  similar  investigations,  the  re- 
sults of  which,  in  the  main,  correspond  with 
those  obtained  in  England.  In  this  journal 
an  attempt  is  made  to  explain  the  phenomena 
as  being  caused  by  the  earth's  rotation  and 
by  obstructions  on  its  surface. 

A  writer,  in  L'Aero,  recounts  similar  ex- 
periences reported  by  French  airmen  who  also 
call  attention  to  sudden  gusts  of  wind  in  a 
vertical  direction,  whereby  the  aviator  may  be 
suddenly  elevated  70  to  80  ft.,  and  as  suddenly 
brought  down  again,  or  vice  versa.  The 
changes  in  the  horizontal  plane  are  not  much 
feared  by  experienced  airmen,  but  they  often 
precede  and  give  warning  of  a  gust  in  the 
vertical  direction,  and  the  aviator  should  be 
on  his  guard. 


FIG.   I.      PNEUMATIC   HAMMERS  AT  ZURICH. 


FIG.   2.      AFTER   THE   HAMMERS. 

PNEUMATIC    HAIViMER-.     KOH     TEAR- 
ING UP   SThEET   PAVEMENTS 

By  Frank  Richards. 

A  job  of  all  too  frequent  occurence  is  the 
tearing  up  of  street  pavements  for  the  laying 
or  changing  of  rails,  pipes,  wires,  etc.  It  is 
always  hard  work,  and  in  the  way  in  which 
it  has  generally  been  done  by  hand  it  has  been 
also  .costly  and  in  many  respects  unsatisfac- 
tory. Figs.  I  and  2.  whi<:h  are  almost  entirely 
self-explanatory,  show  how  this  work  has  re- 
cently been  done  on  an  extensive  scale  in  the 
streets  of  Zurich,  Switzerland,  by  the  use  of 
Ingersoll-Rand  pneumatic  hammers. 

The  city  Tram  Co.  of  Zurich  had  miles  of 
track  to  relay,  and  as  the  rails  were  bedded 
in  concrete  it  was  necessary  to  tear  this  up 
for  a  certain  distance  outside  the  rails  and  all 
of  it  between  the  rails.  The  track  gage  as 
given  the  writer  is  3  ft.  3  ins.,  but  is  probably 
one  meter.  The  data  for  the  account  which 
follows  I  have  received  from  Mr.  J.  Walden- 
berg  of  Diisseldorf,  Germanv. 
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I  lu'     |)nri:;l>U'     air     I'ompri^sor     «iullit     ummI,  tin-   lianiiiurs   wvw   iii  kK-  <iI   itidinarx'   muliiiic 

si'fn    al    n.ulit    in    I'ij^.    J.    was    nuunUtd    nii    a  sti-rl,  as  tlu-  rompaiiN-   fonnd  oiit   lt\    c'N])trii'ncc 

special    Mat    truck    liavinj^    tour    wheels   ol    wivlv  that    it    docs    not    p.'!>    to   use   a   j^ood   j^rade   of 

face,  with  lonj;  phite  spriuj^s  to  the  axles.     I  he  tool   steel   for  this  kind  of  work.     When  made 

S\S  in.     sin^lc-staKc     In.uersoll  j\  ;nd     con\|)re>  of     li.irdiiu-d     stei-l.     the    chisels    hn-ak     much 

sor  was  helt  driven  hv  a  550  volt.  1 ).  C.  Ji    II.  e.isier    tiian    if    soft    steel    is    used,    tin-    hreaks 

I*,   motor,  the  helt   ha\  ini;  a  tightener  actu.ite  1  occurrinjj;    in    the    shanks    as    well    as    at    the 

h\     a    K-\er    .and    weiiiht.       A    verticil    ;iir    re  points.       I  he   shanks  ari'   round  .and   the  points 

ceiver    .and    a    water    tank    of    ahout     iS   cu.    it.  are    ih'si-l     slnpcd,    the    chisel     heinj.^    tapered 

capacity-    were    pro\ideil    and    a    tool    ho.x    was  down    with    .1    Iopk    slar.t    at    the    sides    so    that 

attached    helow    the    truck    fr.ime.      The    tools  the    str.iiulit    cuttinj.j:   cd^e   is   only   ahout    %-\n. 


FIG.   3.     CUTTING  ASPHALT,    BROOKLYN. 


used  in  connection  with  this  air  supply  were 
four  heavy  chipping  hammers,  equipped  with 
round   bushings. 

On  each  side  of  each  rail,  the  workmen  tear 
away  by  means  of  these  hammers  strips  about 
6  to  8  ins.  wide,  thereby  freeing  the  rails  from 
the  concrete,  which  is  about  10  ins.  thick. 
After  these  strips  are  cut  awa\',  solid  pieces 
of  concrete  10  to  20  ins.  long  are  lifted  by 
crowbars  from  between  the  rails',  also  from 
between  the  rails  and  the  sidewalk.  It  is  then 
an  easy  matter  to  break  up  these  large  blocks 
with  sledges. 

The  chisels  or  picks  used  in  connection  with 


wide.  This  shape  proved  to  be  the  most  sat- 
isfactory, as  if  made  with  a  point  the  bits 
broke  in  a  very  short  time  regardless  of  the 
material  of  which  they  were  made. 

Four  men,  each  operating  a  pneumatic  ham- 
mer, would  accomplish  about  as  much  work 
as  16  to  20  men  working  entirely  by  hand. 
One  pneumatic  hammer  therefore  takes  the 
place  of  from  four  to  five  common  hand- 
hammers  and  chisels.  One  man  can  cut  with 
one  hammer  per  hour  a  strip  8  to  10  ft.  long, 
and  as  the  strip  is  about  8  ins.  wide  the  aver- 
age work  for  one  pneumatic  hammer  per  hour 
is    about    5.3    sq.    ft.      This   capacity    refers    to 
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FIG     4.     THE  ASPHALT   FURROW, 

work  in  solid,  iTard  concrete.  It  is  to  be  taken 
into  consideration,  the  writer  is  informed,  that 
the  workmen  in  Zurich  do  not  exert  them- 
selves too  much,  being  employed  by  the  city 
and  being  entitled  to  minimum  wage  regard- 
less of  the  amount  of  work  done.  On  the 
other  hand,  of  course,  the  interest  and  depre- 
ciation on  the  plant,  the  cost  of  transportation, 
power  consumption,  etc.,  would  have  to  be 
considered  in  making  a  fair  estimate  of  the 
advantage  gained  by  the  use  of  the  pneumatic 
outfit. 

CUTTING    ASPHALT    AND    MACADAM. 

It  is  to  be  remembered  that  the  work  at 
Zurich  above  described  was  the  cutting  of 
concrete.  In  entire  ignorance  of  this  opera- 
tion there  has  been  developed  almost  simul- 
taneously by  the  Brooklyn  Union  Gas  Co.  at 
Brooklyn,  N.  Y.,  a  quite  similar  application 
of  the  pneumatic  hammer,  but  in  this  case  for 
cutting   asphalt   pavement.     Those  who   have 


seen  the  operation  of  breaking  up  or  breaking 
into  an  asphalt  street  pavement  by  the  old 
methods  will  realize  not  only  the  strenuous- 
ness  of  the  task  but  also  the  difficulty  of  fol- 
lowing any  precise  line  of  cleavage.  The 
method  of  cutting  the  asphalt  with  the  pneu- 
matic hammers  is  graphically  told  in  Figs.  3, 
4  and  5.  A  chalk  line  is  marked  on  the  sur- 
face and  the  chisel  follows  the  line  exactly, 
turning  the  asphalt  over  as  if  it  were  leather, 
although  in  hardness  and  tenacity  it  is  more 
like  copper  or  iron.  In  this  case,  the  hammers 
were  used  for  breaking  up  the  surface  where 
a  4-ft.  gas  pipe  was  to  be  laid  through  the 
street.  Mr.  E.  J.  Byrne  is  chief  engineer  of 
District  No.  i,  in  which  the  work  lay,  and 
Mr.  E.  D.  Jones  and  Mr.  John  E.  Setchell 
were  the  assistant  engineers  in  immediate 
charge   of   the   work. 

The  portable  air-compressing  outfit  was 
mounted  on  a  truck  similar  to  that  in  use  at 
Zurich,  but  with  an  Abenaque  gasoline  engine 
for  the  driving  instead  of  the  electric  motor, 
and  an  Ingersoll-Rand  compressor  as  before. 
A  2-in.  iron  pipe  was  laid  on  the  surface  of 
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tlir  i).i\  iiiuiit  cloM-  to  llic  curlt  .iiul  was  coii 
ncclc'd  to  the  rt'ccivt-r  oi  the  ctMuprcssor.  Tlio 
tools  could  then  be  connccti-d  at  various  points 
alou.u  tlu-  i)ipe.  ol)\iatin>^  tlu'  lucessity  of  frc- 
qui'iitlx  inoNiii)^  the  compressor  as  the  work 
progressed.  1  here  was  here  as  well  as  in 
Zurich  some  experimentiufj;  as  to  the  hest 
hauuuer  to  use.  the  one  rmally  adopted  heinp 
oi  a  t\pe  e.\teusi\ely  usetl  in  coal  mines.  The 
cutting  tool  was  like  a  big  chipping  chisel,  an 
inch  and  a  half  w  iile.  This  was  run  along  the 
two  lines  detining  the  width  of  the  trench, 
cutting  through  the  asphalt  and  giving  it  a 
turn  partly  over  as  a  plow  would  do.  The 
sheet  of  asphalt  was  then  pried  up  by  a  crow- 
bar gang,  while  one  man  would  break  it  with 
a  sledge. 

Some  data  of  the  actual  rate  of  cutting  the 
asphalt  with  the  pneumatic  hammers  arc  fur- 
nished the  writer  by  Mr.  John  E.  Setchell  as 
follows : 

From  observation  of  about  3,000  linear  feet 
of  cut  (1.500  ft.  of  trench),  with  two  men 
and  sometimes  three  using  the  hammers,  the 
average  asphalt  cut  was  20  ft.  per  man  per 
hour. 

On  June  i.  191 1.  on  a  45-minute  hand  test 
(hand-held  chisel  and  sledge)  we  cut  at  the 
rate  of  12  ft.  per  man  per  hour,  but  the  men 
were  exhausted  and  had  to  stop. 

The  material  under  the  asphalt  was  ma- 
cadam, close  and  hard,  and  for  breaking  this 
also  the  "coal  picks"  did  good  service.  The 
chisels  were  exchanged  for  pointed  picks  for 
this  work. — Engineering  Nezvs,  with  additions 
bv  the  writer. 


SQUANDERING  THE  PRINCIPAL 

You  may  take  all  the  water  from  a  well 
and  the  rainfall  will  restore  the  w^ater.  You 
may  exhaust  the  fertility  of  the  soil,  but  by 
careful  cropping  and  fertilizing  the  fertility 
is  renewed.  You  may  cut  down  the  forests, 
and  new  forests  will  grow,  but  when  you  take 
from  the  earth  the  minerals,  the  oil,  the  gas, 
the  coal,  contained  therein,  these  minerals  are 
never  replaced.  When  gas  w^as  first  encount- 
ered in  Bartlesville,  Oklahoma,  it  was  permit- 
ted to  escape  unchecked.  The  roaring  of  the 
gas  was  so  persistent  that  people  in  the,  town 
could  not  sleep  at  night,  and  so  the  gas  was 
carried  in  pipes  outside  of  the  city  limits, 
where  it  might  escape  wnthout  the  noise  dis- 
turbing the  sleepers. 


EMERGENCY     PNEUMATIC    PUMPING 

.\  threatened  shortage  in  the  water  supply 
for  St.  Paul.  .Miiui..  during  1910  made  it 
necessar\  to  pro\  ide  means  for  supplement- 
ing the  llow  from  the  existing  water-works 
system.  The  original  supply  is  obtained  from 
a  SNStem  of  lakes,  north  of  the  city,  having  a 
drainage  area  of  about  100  square  miles,  in- 
cluding the  lake  surface.  From  this  area,  in 
addition  to  the  water  used  for  the  city's  sup- 
l)ly,  there  is  usually  a  large  runoff  which 
might  be  held  by  increasing  the  reservoir  area. 
The  year  1910  was  the  driest  ever  recorded  by 
the  water  department,  whose  statistics  cover 
a  period  of  74  years;  the  total  precipitation 
was  a  little  more  than  10  in.,  while  the  aver- 
age rainfall  is  28  in.  It  became  apparent  iti 
June  of  last  year  that  the  lake  supply  was  in 
danger  of  being  exhausted  and  if  another  dry 
year  should  follow  there  would  certainly  be 
a  great  deficiency  in  the  water  supply.  Some 
immediate  action  had  to  be  taken  and  as  there 
was  no  other  lake  or  river  which  could  be 
utilized  w^ithin  the  time  required  Mr.  L.  W. 
Rundlett,  then  Commissioner  of  Public 
Works,  recommended  the  sinking  of  artesian 
wells  at  the  existing  McCarron  Lake  pumping 
station,  located  at  the  end  of  a  conduit  4^ 
miles  long  which  carries  the  water  from 
Vadnais  Lake,  the  nearest  of  the  lakes  in 
the  present  supply,  to  a  terminal  chamber, 
from  which  point  it  flows  by  gravity  into  the 
low  service  system  and  is  pumped  into  a  reser- 
voir for  the  high  service  system. 

In  accordance  with  this  recommendation, 
six  i2-in.  artesian  wells  were  sunk  to  a  gen- 
eral depth  of  700  ft.  (one  well  being  carried 
down  to  a  depth  of  1000  ft.  without  materially 
increasing  the  flow).  It  was  hoped  to  obtain 
flowing  wells,  but  the  height  with  which  water 
rises  from  the  sandrock  strata  varies  consider- 
ably in  different  localities  in  the  vicinity  of  St. 
Paul.  In  this  instance  the  water  rose  to  an 
average  height  of  about  18  ft.  below  the 
surface  of  the  ground.  Tests  of  two  wells 
show^ed  a  suitable  supply  of  water  both  in 
quantity  and  quality.  Under  the  existing  con- 
ditions it  seemed  expedient  to  place  a  separate 
pumping  unit  at  each  well  and  to  deliver  the 
water  through  a  pipe  system  to  the  terminal 
chamber,  where  it  could  be  used  on  both  the 
high  and  low  services. 

Bids  were  received  for  installing  either  an 
air    plant    or    an    electric    plant.     The    lowest 
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price  with  the  highest  guaranteed  efficiency 
was  secured  on  the  air  plant,  and  the  contract 
was  awarded  to  the  Robinson,  Cary  &  Sands 
Company,  in  the  sum  of  $27,817.00,  they  fur- 
nishing the  air  compressor,  condenser,  air 
pump  and  everything  necessary  to  operate  the 
machine,  all  the  air  piping,  including  the  well 
connections,  the  towers  and  tanks  into  which 
the  water  was  discharged,  (the  water  being 
carried  by  gravity  from  the  tanks  to  the  ter- 
minal chamber),  while  the  Board  of  Water 
Commissioners  furnished  the  addition  to  the 
pumping  station  for  the  compressor,  the  addi- 
tional boiler  capacity  required  and  the  piping 
from  the  boiler  to  the  compressor,  steam  at 
125  lb.  pressure,  the  necessary  water  pipe  sys- 
tem to  take  the  water  from  the  wells  to  the 
terminal  chamber  and  a  weir  for  the  accurate 
measurement  of  the  water  as  furnished. 

The  efficiency  based  upon  the  computed 
foot-pounds  of  work  in  the  steam  supplied 
was  guaranteed  to  be  not  less  than  4.83  per 
cent,  with  a  penalty  of  $100  for  every  one- 
tenth  of  I  per  cent,  below  this  standard  and  a 
bonus  of  $100  for  every  one-tenth  above. 
The  result  of  the  test  was  as  follows : 


Results  of  Tests  of  Compressed  Air  Pumping  Plant. 
Duration  of  test  from  8  a.  m.'to  "5  p.  m.        9  hours. 

Average    r.p.m.    of    compressor k 80.26 

Average  steam  pressure  gauge,  lb.  per  sq.  in....   126.4 
Average  vacuum  referred  to  30-in.  barometer. . .     26.9  in. 

Total  pounds  of  condensed  water 35,651 

Average   temperature   of   condensate 101.5*  F. 

B.t.u.  per  pound  of  steam  at  average  pressure.  .1189.7 

B.t.u.  per  pound  of  condensate 69.1 

B.t.u.  consumed 1 120.6 

Av.  cy.  ft.  water  per  second  over  weir 9.78 

—  6,350,000  gal.  per  day. 

Average  total  head  in  feet 76.83 

Total     foot-pounds  water  delivered  -r-  total   foot- 
pounds  steam   consumed    =    efficiency    =  4.90% 
Efficiency  covered   by   contract...." 4.83% 


This  result  gave  the  contractor  a  bonus  of 

$70. 

The  plant  in  the  test  delivered  at  the  rate 
of  6,350,000  gal.  per  day  against  an  average 
total  head  of  76.83  ft.  The  cost  of  running 
the  plant  in  connection  with  the  pumping  en- 
gine already  installed  is  about  $35  per  day. 

The  air  compressor  is  an  Ingersoll-Rand 
machine  with  compound  steam  cylinders  and 
cross-compound  air  cylinders  rated  at  2,588 
cu.  ft.  of  free  air  per  minute  at  125  r.p.m.,  the 
air  to  be  delivered  at  100  lb.  per  square  inch 
gauge  pressure.  The  condenser  is  .a  Wheeler 
surface  condenser  containing  525  sq.  ft.  of 
cooling  area  made  up  of  ^-in.  brass  tubes. 
The  boiler  feed  is  warmed  by  a  Wainwright 


feed-water  heater  having  a  rating  of  300  h.  p. 
equipped  with  a  Harris  Air  Pump  Company's 
pump  constructed  of  bronze,  and  standard 
well  tops  and  umbrella  discharge  equipment. 
Over  each  well  there  was  placed  a  substantial 
steel  tower,  supporting  a  steel  tank  5  ft.  in 
diameter  by  6  ft.  high. — Engineering  Record. 


UNWATERING  A  CUBAN  MINE  WITH 
THE  AIR   LIFT 

By  F.  H.  Emerson.* 

In  1910  an  interesting  experiment  with  the 
air  lift  was  made  at  El  Cobre  Mines.  The 
following  are  the  results : 

The  water  stood  at  the  200-foot  level,  held 
by  two  Cameron  station  pumps.  The  shaft 
was  800  feet  deep,  with  one  cage  road,  4x8 
feet,  open  to  the  800-foot  level.  The  other 
compartments  were  blocked  with  platforms. 
Water  was  acid,  and  contained  up  to  400 
grs.  Cu  per  cubic  meter.  A  tunnel  from  the 
50-foot  level  through  the  mountain  allowed 
a  reduction  in  the  head. 

INSTALLATION    FOR   BLOWING. 

Tests  showed  the  shaft  to  be  blocked  by  old 
timber  and  guides,  so  that  a  cone  was  made 
to  run  on  an  old  cable  guide,  lowered  in  the 
center  of  the  compartment  with  a  two-ton 
weight.  The  wood  pipe  was  built  upon  this 
and   lowered   as  put  together. 

The  wood  pipe  twisted  around  the  center 
cable  in  a  spiral,  so  that  it  had  made  a  com- 
plete turn  in  200  feet  without  doing  the  slight- 
est harm.  Three  columns  were  built  up  on 
the  cone  and  tied  together  with  new  i^-inch 
rope,  which,  when  wet,  held  them  together 
very  firmly.  They  were  750  feet  long,  each, 
and  had  no  support,  as  the  guide  and  lower- 
ing ropes  were  soon  eaten  off  by  the  water. 

With  600  feet  under  water  and  150  feet 
above,  the  wood  columns  were  nearly  float- 
ing. After  being  water-soaked  they  become 
very  heavy. 

The  wood  pipe  was  10  inches  inside  diame- 
ter. Air  pipe  was  2^-inch  iron  pipe,  which 
was  thoroughly  tarred  and  changed  as  it  was 
eaten  by  the  water. 

The  high  limit  of  our  compressors  was  140 
pounds    pressure. 

Two  pipes  were  used,  the  third  being  in  re- 
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serve  and   operated   in   case  of  breaks   in    tlic 
others. 

RESULTS    OHTAINKD. 

The  out-flow  was  measured  hourly  by  weir. 

The  head  at  the  start  was  150  feet,  sub- 
mergence of  air  pipe  50  per  cent.  I  lead  of 
finish  was  3O0  feet,  with  39  per  cent,  sub- 
mergence. 

The  water  removed  was  113,120.000  gallons. 
C'ost  7.-J34  cents  per  1,000  gallons. 

Ilie  pipes  averaged  950  gallons  per  minute, 
each,  or  105  cubic  feet  of  air  for  100  gallons 
oi  water. 

The  lowest  speed  was  with  360  feet  head, 
1.500  gallons  per  minute  for  the  two  pipes,  or 
i(X)  cubic  feet  of  free  air  for  100  gallons  of 
water. 

SECOND    STAGE. 

After  reaching  the  400-foot  level,  a  2,000- 
gallon  pump  was  installed,  and  the  discharge 
of  the  blow  pipes  turned  into  the  pump  sump. 

Under  no  head,  one-inch  pipe  threw  2,200 
gallons  per  minute  with  air  cut  down.  This 
was  the  pump  limit  on  a  burst  of  speed. 

A  special  test  was  made  in  lowering  the 
water  for  seven  days.  The  results  were  as 
follows : 

SEVEN    DAYS    TEST    BLOWING    AND    PUMPING. 

Feet    lowered    57'  6" 

Feet   lowered   per   day 9'  2>4" 

Gallons  per  foot  lowered 307,100 

Gallons    pumped,    total 17,659,980 

Gallons  pumped,  per  day 2,522,954 

Gallons  pumped,  per  minute.  .  i,750 

Head   on  blow-pipe,   at   start.  .  21'  6" 

Head  on  blow-pipe,  at  finish.  .  79' 

Head  on  blow-pipe,   average..  50'  3" 

Submergence    at    start 17989  per  cent. 

Submergence    at    finish 100.50  per  cent. 

Air  pressure,  100  lbs.,  gage. 
2j4  inch  air  pipe  inside  10  inch  wooden  pipe. 
43  cubic  ft.  of  free  air  to  100  gallons  of  water. 
Cost:  2.32  cents  per   1,000  gallons. 

In  this  case  the  pipe  was  limited  by  the 
capacity  of  the  pump;  3,500  to  4,000  cubic  feet 
could  be  blown  from  the  one  pipe  with  1,000 
cubic  feet  of  free  air.  The  actual  inflow  of 
the  mine  is  213  gallons  per  minute. 

The  cost  per  1,000  gallons  by  blowing  down 
60  feet  once  in  two  months,  and  pumping  the 
water  to  the  surface  is  5.23  cents  per  1,000 
gallons.  The  cost  for  the  pump  alone,  work- 
ing at  its  full  capacity,  is  2.91  cents  per  1,000 


gallons  (with  labor  i)roportioned  to  the  blow- 
ing), but  handling  only  the  inflow  with  pumps 
of  smaller  si/e  the  cost  was  8.3  cents  per  1,000 
gallons.  There  is  therefore  a  savnig  of  3.02 
cents  per  1,000  gallons  by  the  combination 
method  of  holding  the  water  at  the  400  foot 
level.'  This  is  a  real  saving,  since  in  flood 
lime  the  full  2,000  gallon  capacity  is  neces- 
sary, and  therefore  there  is  no  unnecessary  in- 
vestment. A  great  advantage  is  that  an 
enormous  sump  is  provided,  which  insures 
against  drowning  by  the  sudden  floods. — Mex- 
ican Mining  Journal. 


POWERFUL  EFFECTS   FROM  MINUTE 
VIBRATIONS 

The  following,  from  the  Scientific  Ameri- 
can, having  to  do  with  the  effects  of  rapid 
vibrations  upon  metals  and  other  solids,  and 
then  the  exciting  of  such  vibrations  by  means 
of  sound  waves  transmitted  through  the  air 
from  musical  instruments,  of  course  is  en- 
tirely pertinent  to  our  columns,  as  are  all 
phenomena  in  which  air — which  always  is 
compressed    air — is    concerned. 

It  has  been  contended  that  solid  metals  may 
reveal  by  their  structure  the  vibrations  to 
which  they  have  been  subjected.  In  explain- 
ing this  phenomenon,  experiments  were  made 
in  England  to  show  that  a  beautiful  wave 
structure  can  be  imparted  to  the  surface  of 
mercury  by  the  vibrations  of  a  tuning-fork, 
and  that  even  the  surface  of  solid  lead  which 
has  been  subjected  to  similar  vibrations  pos- 
sesses a  structure  resembling  that  of  a  vibra- 
ting surface  of  mercury.  Mild  steel  was  de- 
fined as  a  "solid  solution"  of  iron  and  carbon, 
free  from  cinders.  Metallurgists  have  doubled 
the  strength  of  steel  as  it  was  known  in  early 
days. 

Iodide  of  nitrogen,  a  black  powder,  is  one 
of  the  most  dangerous  of  all  explosives.  When 
dry,  the  slightest  touch  will  often  cause  it  to 
explode  with  great  violence. 

There  appears  to  be  a  certain  rate  of  vibra- 
tion which  this  compound  cannot  resist.  In 
experiments  to  determine  the  cause  of  its  ex- 
treme explosiveness,  some  damp  iodide  of 
nitrogen  was  rubbed  on  the  strings  of  a  bass 
viol.  It  is  known  that  the  stcings  of  such  an 
instrument  will  vibrate  when  those  of  a  simi- 
lar instrument,  having  an  equal  tension,  are 
played  upon. 
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In  the  present  case,  after  the  explosive  had 
become  thoroughly  dry  upon  the  strings,  an- 
other bass  viol  was  brought  near  and  its 
strings  were  sounded.  At  a  certain  note  the 
iodide  of  nitrogen  on  the  prepared  instrument 
exploded. 

It  was  found  that  the  explosion  occurred 
only  when  a  rate  of  vibration  of  60  per  second 
was  communicated  to  the  prepared  strings. 
Vibration  of  the  G  string  caused  an  explosion, 
while  that  of  the  E  string  had  no  effect 

The  question  is  often  asked.  What  force 
least  expected  does  the  greatest  damage  to 
buildings?  One  architect's  answer  to  this 
question  may  be  a  surprise  to  those  who  do 
not  understand  that  it  is  the  regularity  of  vi- 
bration that  makes  it  powerful. 

"I  venture  to  say,"  remarked  this  architect, 
"that  you  would  never  suspect  that  violin- 
playing  would  injure  the  walls  of  a  building. 
Yet  it  certainly  does.  There  have  been  in- 
stances when  the  walls  of  stone  and  brick 
structures  have  been  seriously  damaged  by 
the  vibrations  of  a  violin.  These  cases  are, 
of  course,  unusual,  but  the  facts  are  estab- 
lished. 

"The  vibrations  of  a  violin  are  really  seri- 
ous in  their  unseen,  unbounded  force,  and 
when  they  come  with  regularity,  they  exer- 
cise an  influence  upon  structures  of  brick,  iron 
or  stone.  It  follows,  of  course,  that  there 
must  have  been  continuous  playing  for  years 
to  cause  the  loosening  of  masonry  or  to  make 
iron  brittle,  but  it  will  do  so  in  time." 


OXYGEN    CONSUMED  BY  A    LAMP 

The  most  recent  tests  to  show  the  oxygen- 
consuming  power  of  a  naked  flame  are  some 
experiments  in  Scotland:  A  lamp  burning  oil 
consumed  1.13  cu.  ft.  of  oxygen,  and  pro- 
duced 0.78  cu.  ft.  of  carbonic  acid  per  hour. 
The  same  lamp  when  burning  tallow,  con- 
sumed 2.49  cu.  ft.  of  oxygen,  and  gave  off 
1.74  cu.  ft.  of  carbonic  acid  in  one  hour.  The 
investigators  determined  the  candlepower  of 
various  lamps  by  photometry.  An  oil  lamp 
(naked  flame),  consuming  13.8  grams  of  oil 
per  hour,  averaged  i  c.-p.  The  kind  of  oil 
used,  of  course,  affects  th  ecandlepower  con- 
siderably. A  miner's  tallow  lamp  consuming 
17.4  grams  of  tallow  per  hour,  averaged,  with 
uniform  flame  for  15  min.,  2.3  c.-p.  A  lamp 
consuming  13  grams  paraffin  wax  per  hour 
gave  1.6  candlepower. 


DEVELOPMENT     IN    COMPRESSED 
AIR  POWER  STORAGE 

By  Frank  Richards. 

One  of  the  most  unsatisfactory  features  of 
compressed-air  practice  up  to  the  present  time 
has  been  in  the  inadequacy  of  the  means  pro- 
vided for  storing  the  air  between  its  compres- 
sion and  its  use,  or  for  maintaining  a  full  and 
constant  pressure  under  a  varying  rate  'of  con- 
sumption. It  may  be  said  that  compressed  air 
wherever  employed,  is  always  used  more  or 
less  intermittentlv,  and  never  at  any  constant 
rate,  except  in  cases  where  the  entire  output 
of  a  compressor  or  of  a  large  compressing 
plant  is  employed  in  a  single  water-pumping 
operation. 

The  air  receiver  usually  provided  with  an 
air  compressor  has  a  total  air  capacity  not 
exceeding  the  output  of  the  compressor  for  a 
single  minute,  so  that,  if  the  compressor  stops 
or  is  slowed  down  to  below  the  capacity  to 
supply  the  consumption,  the  pressure  instantly 
begins  to  fall.  To  insure  somewhat  reliable 
maintenance  of  pressure  and  volume  it  is  the 
practice  to  provide  a  maximum  compressing 
capacity  somewhat  in  excess  of  the  maximum 
demand,  and  then  to  automatically  reduce  the 
speed  of  the  compressor  as  the  rate  of  con- 
sumption diminishes.  Even  this  arrangement 
usually  does  not  completely  satisfy  the  fluc- 
tuating requirements,  and  so  we  have  various 
unloading  or  choking  contrivances  which  will 
still  more  reduce  the  output  without  actually 
stopping  the  machine.  However  satisfactory 
the  results  thus  obtained  may  be,  it  is  evident 
that  they  are  secured  only  by  more  or  less 
complication  of  apparatus  and  a  sacrifice  of 
the  essential  conditions  of  power  economy  in 
the  running  of  the  machine. 

A  magnificent  opportunity  for  the  solution 
of  this  air-power  storage  problem  opened  to 
the  engineers  of  the  Anaconda  Copper  Mining 
Company,  at  Butte,  Mont.,  when  it  was  pro- 
posed to  find  a  cheaper  means  of  driving  their 
great  mine  hoists  than  by  the  use  of  steam. 
There  were  at  Butte  25  large  steam-driven 
hoists  with  an  aggregate  capacity  of  40,000 
horsepower,  but  the  service  required  of  the 
hoists  was  so  intermittent,  and  the  actual  time 
of  working  of  each  was  so  short,  that  it  was 
estimated  that  4000  horsepower  in  constant 
operation  would  be  sufficient  for  all  the  re- 
quirements, but  it  was  imperative  that  the 
power  should  be  always  ready  and  always 
sufficient   for  each  individual  hoist. 
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riio  cost  of  steam  had  boon  alxnit  $80  per 
liorsopowcr  ycr  pear,  while  electric  horsepower 
per  Near  could  be  had  for  about  $_»5.  'IMiere 
were,  howe\er,  serious  objections  to  the  adoi) - 
tiou  ot  the  electric  drive  for  each  separate 
hoi>t,  besides  the  euornious  lirst  cost  of  such 
an  installation.  Mere,  also,  there  could  be  no 
power  storage,  st)  that  it  would  be  necessary 
at  times  to  have  current  available  for  nearly 
all   the   hoists  at  once. 

So  far  as  the  steam  hoisting  engines  were 
concerned,  they  could  be  adapted  to  the  usin;? 
of  compressed  air  at  comparatively  slight 
cost,  if  only  the  power-storage  problem  could 
be  solved,  so  that  a  constant  drive  of  sulTi- 
cient  average  capacity  could  be  made  able 
to  take  care  of  the  peak  loads  whenever  they 
should  occur,  even  up  to  the  runnint;  of  all  the 
hoists  at  once.  The  problem  has  been  solved 
with  a  success  and  completeness  seldom  sur- 
passed  in   great    engineering   undertakings. 

It  is  not  intended  here  to  give  more  than 
the  briefest  sketch  of  the  compressor  instal- 
lation and  operation,  the  purpose  being  only 
to  call  attention  to  the  air-storage  scheme. 

The  electric  current  which  drives  the  com- 
pressors is  transmitted  130  miles  from  the  new 
plant  at  the  Great  Falls  Water  Power  and 
Townsite  Company,  at  Rainbow  falls,  just 
below  the  Great  falls  on  the  Missouri  river. 
There  are  three  compressors,  each  with  a  di- 
rect-connected Westinghouse  motor  of  1,500 
maximum  horsepower.  The  compressors,  fur- 
nished by  the  Xordberg  Manufacturing  Com- 
pany, are  two-stage  machines  of  the  highest 
class,  with  low-pressure  cylinders  50  inches 
diameter  and  high-pressure  cylinders  30 
inches  diameter,  and  a  common  stroke  of  48 
inches.  The  combined  free-air  capacity  of  the 
three  compressors  I  w^ould  estimate  roughly 
at  20.000  cubic  feet  per  minute  (not  knowing 
the  builder's  specifications  as  to  speed,  etc.) 

THE     AIR     RECEIVERS. 

From  the  compressors  the  air  passes  to  the 
battery  of  air  receivers.  There  are  32  of 
these,  vertical,  each  10  feet  diameter  and  30 
feet  high,  their  combined  cubical  content  be- 
ing, say.  70.000  cubic  feet,  which,  at  90  pounds 
gage  pressure,  may  be  said  to  equal  500,000 
cubic  feet  of  free  air,  a  volume  which  it  w'ould 
take  the  combined  compressors  nearly  half  an 
hour  to  compress  and  deliver.  This  is  very 
different,    to    begin    with,    from    the    less   than 


one  minute-  capacit\'  of  the  air  recii\rr  usually 
pr(»vide(l. 

Hut  there  is  a  mori-  im|)ortant  feature  and 
a  K'^-'^iter  ditTereiue  and  advantage  to  be  noted 
in  the  preseiU  installation  as  compared  with 
long  established  air  receiver  practice.  The 
too  familiar  experience  is  that  as  soon  as 
an\  air  is  withdrawn  from  the  receiver  in  ex- 
cess of  what  the  compressor  is  delivering,  or 
if  for  any  reason  the  compressor  stops,  the 
pressure  in  the  receiver  fall>  rapidly  and  con- 
stantly with  the  drawing  of  the  air.  Under 
the  arrangement  here  being  considered,  when 
the  quantity  of  air  contained  in  the  receivers 
is  diminished  by  any  air  consumption  exceed- 
ing the  delivery,  instead  of  a  drop  of  pressure 
rendering  the  remaining  contents  of  the  re- 
ceiver inefTective  and  useless,  the  pressure  is 
maintained  and  the  entire  contents  of  the 
whole  battery  of  receivers,  including  the  origi- 
nal inert  filling  of  air  at  atmospheric  pressure, 
can  be  used  at  full  pressure  and  effectiveness 
until  the  receivers  are  emptied.  In  practice 
the  withdrawal  of  the  air  never  goes  as  far  as 
this.  As  these  compressors  run  all  day  and 
all  night,  when  there  is  at  any  time  a  simul- 
taneous call  for  operating  an  unusual  number 
of  hoists,  there  is  always  the  full  capacity  of 
the  working  compressors  and  also  the  entire 
contents  of  the  battery  of  receivers  to  draw 
from  until  the  unusual  and  excessive  demand 
for  air  ceases.  When  there  is  such  an  un- 
usual simultaneity  of  hoisting  it  is  necessarily 
succeeded  by  a  period  when  the  hoisting  and 
the  demand  for  air  are  less  than  the  compres- 
sor output,  and  then  the  receivers  are  auto- 
matically filled  again. 

HOW    THE    AIR    PRESSURE    IS    MAINTAINED. 

The  device  by  which  the  air  pressure  is 
maintained  in  the  receivers  nothwithstanding 
the  diminution  of  the  contained  air  is  essen- 
tially a  simple  one.  It  is  accomplished  by  the 
use  of  a  standpipe  or  its  equivalent,  the  same 
as  in  waterworks  service.  On  a  side  hill  at 
an  elevation  sufficient  to  give  the  required 
gage  pressure  of  90  pounds,  there  is  an  open 
water  tank  100  feet  in  diameter  and  15  feet 
deep.  A  depth  of  10  feet  in  this  tank  gives  a 
water  capacity  somewhat  greater  than  the  to- 
tal cubic  capacity  of  the  battery  of  air  re- 
ceivers. As  2.S  feet  of  water  gives  i  pound 
pressure,  the  mean  elevation  of  the  tank  above 
the  receivers  should  be  90  X  2.3  =:  207  feet. 
There    is    a    large    pipe    connection    from    the 
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bottom  of  this  tank  to  a  horizontal  pipe  in 
free  communication  with  the  lower  ends  of  all 
the  receivers.  No  valves  of  any  kind  are  re- 
quired, and  little,  if  anything,  need  be  allowed 
for  the  fricton  of  the  water  in  the  pipes,  it 
being  free  to  flow  in  either  direction,  accord- 
ing to  the  changes  of  the  volume  of  air  in 
the  receivers.  No  safety  valves  are  required, 
and  it  is  impossible  to  produce  .any  pressure 
in  the  receivers  greater  than  that  due  to  the 
head  of  water. 

The  compressed  air  as  it  is  delivered  from 
the  operating  compressors  does  not  pass 
through  the  receivers,  and,  indeed,  does  not 
enter  them  at  all  except  when  the  air  produc- 
tion is  greater  than  the  consumption  at  the 
moment,  when  the  surplus  passes  into  the  re- 
ceivers, driving  out  and  up  into  the  elevated 
tank  some  of  the  water  at  the  bottom  of  the 
receivers.  When  the  call  for  air  is  greater 
than  the  compressor  supply  then  the  deficiency 
is  made  up  by  a  flow  of  air  from  the  receivers, 
the  water  from  the  tank  displacing  it. 

The  contact  of  the  air  with  the  water  does 
not  make  it  any  wetter,  as  after  compression 
it  is  quite  certain  to  be  saturated  with  water 
in  any  case.  In  the  service  for  which  this  air 
is  used,  there  is  no  call  for  "dry"  air,  as 
special  means  are  provided  for  heating  the  air 
before  it  enters  the  hoisting  engines,  and 
moisture  would  be  an  advantage  rather  than 
otherwise. 

Long  continued  records  of  the  hoists  as 
they  had  been  run  by  steam  made  it  possible 
to  compute  the  compressor  capacity  required, 
and  to  adapt  the  compressors  to  the  work  so 
that  they  could  be  operated  at  the  point  of 
best  economy. 

The  plant  is  unique  as  it  stands,  but  in  the 
use  of  the  elevated  tank  it  sets  an  example 
which,  since  there  can  be  no  monopolizing  of 
the  principle,  we  may  expect  will  in  time  be 
widely  adopted.  For  the  maintenance  of  a 
constant  air  pressure  with  considerable  stor- 
age capacity  it  seems  to  recognize  and  fill  a 
long  persisting  requirement.  The  elevations 
which  will  give  gage  pressures  of  50,  60,  70, 
80,  90  and  100  pounds  are,  respectively,  115, 
138,  161,  184,  207  and  230  feet.  These  heights 
can,  of  course,  be  secured  as  well  by  sinking 
the  receivers  as  by  elevating  the  tanks,  or  by 
a  combination  of  both  until  the  vertical  dif- 
ference is  secured. 

It  is  to  be  noted  that  no  water  is  consumed 


or  wasted  in  the  operation ;  it  simply  flows 
back  and  forth  out  of  the  receivers  and  in 
again  as  the  volume  of  air  in  storage  increases 
or  diminishes.  Why  not  then  dispense  with 
the  special  elevated  water  tank  and  connect 
direct  to  a  city  or  other  water  service  where 
sufficient  pressure  is  maintained,  as  it  usually 
is?  If  the  water  pressure  is  constant  and  is 
somewhat  greater  or  less  than  the  air  pressure 
desired  the  latter  might  be  adjusted  by  plac- 
ing the  air  receiver  above  or  below  what 
would  otherwise  be  its  normal  position. — 
American  Machinist,  with  additions  by  the 
writer. 


AIR    COOLING    AND  MOISTURE  PRE- 
CIPITATION- 

By  F.  E.  Matthews. 

Before  proceeding  to  illustrate  the  method 
of  calculating  the  amount  of  refrigeration  re- 
quired to  cool  a  mixture  of  air  and  water 
vapor  it  may  be  advisable  to  define  terms. 

Air  is  a  mechanical  mixture  of  nitrogen  and 
oxygen  in  the  practically  constant  proportion 
of  80  parts  of  the  former  to  20  parts  of  the 
latter,  a  very  small  percentage,  about  3  or  4 
hundredths  of  i  per  cent.,  of  which  is  re- 
placed by  carbon  dioxide.  Into  this  uniform 
mechanical  mixture  water  vapor  enters  in 
widely  varying  proportions.  When  the  air 
contains  all  the  moisture  that  it  can  hold  it 
is  said  to  be  saturated.  The  higher  the  tem- 
perature of  the  air  the  more  water  vapor  it 
is  capable  of  absorbing  before  becoming  sat- 
urated. At  a  given  temperature  saturated  air 
always  contains  a  certain  fixed  quantity  of 
water  vapor. 

It  must  be  remembered,  however,  that  the 
temperature  of  the  air  does  not  fix  the  amount 
of  moisture  that  it  contains  except  in  the 
limiting  case  of  saturation.  In  general,  air  is 
not  saturated,  and  it  may  contain  different 
amounts  of  water  at  the  same  temperature  as 
it  varies  in  degree  of  saturation ;  or  it  may 
contain  different  amounts  of  moisture  at  the 
same  degree  of  saturation  at  different  temper- 
atures. Since  the  amount  of  water  that  it  is 
possible  for  air  to  hold  in  suspension  increases 
with  increasing  temperature,  and  decreases 
with  decreasing  temperature,  it  is  evident  that 
the  air  may  or  may  not  contain  less  moisture 
after  cooling  than  before,  according  to 
whether  the  cooling  is  carried  below  the  tem- 
perature  at  which  the  air  becomes   saturated. 


(')202 


C(  ).\ii'i>:i-:ssi-:i)  .\\\<  .\ia(..\/i.\I' 


POUNDH  OF  AQUEOl'"*  VAPOR  IN    1000  CUfT.  OF  AIR  AT  DIFFERENT  TEMrKIlATlHEH  AND  PER  CENT.  SATURATION 
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The  accompanying  table  shows  the  amount  of 
vapor  in  pounds  per  thousand  cubic  feet  of 
air  at  different  degrees  of  saturation  at  dif- 
ferent temperatures.  At  lOO  degrees  Fahren- 
heit and  lOO  per  cent,  saturation,  for  exam- 
ple, i.ooo  cubic  feet  of  saturated  air  will  con- 
tain 2.82  pounds  of  water  vapor,  while  at  75 
degrees  Fahrenheit,  the  amount  is  only  1.33 
pounds,  or  less  than  one-half  that  quantity, 
and  at  15  degrees  Fahrenheit,  it  is  still  fur- 
ther reduced  to  about  one-tenth  of  what  it  is 
at  75  degrees  Fahrenheit. 

In  the  general  case,  air  cooling  involves 
cooling  not  only  the  mechanical  mixture  of 
oxygen  and  nitrogen,  but  a  large  quantity  of 
water  vapor  as  well.  If  the  air  contains  suf- 
ficient moisture  so  that  the  cooling  brings  it 
to  the  point  of  saturation,  the  heat  that  must 
be  abstracted  from  the  water  vapor  will  be 
only  that  represented  by  the  specific  heat  of 
the  vapor  and  the  number  of  degrees  cooled 
through.  If  it  is  cooled  below  the  point  of 
saturation,  as  usually  happens  in  cold-storage 
practice,  not  only  the  specific  heat  of  the  va- 
por but  the  latent  heat  of  that  part  o'f  the 
vapor  precipitated  as  well  must  be  removed. 
Generally  the  process  is  carried  still  farther 
and  the  precipitated  moisture  is  chilled  to  the 
freezing  point  and  finally  frozen,  when  not 
only  the  specific  heat  of  the  liquid  but  the 
latent  heat  of  fusion  is  involved.  If  the  ice 
is  cooled  to  a  lower  temperature  the  specific 
heat  of  the  ice  is  also  involved. 

It  is  required,  for  example,  to  coo!  2,000 
cubic  feet  of  air  per  minute  from  80  degrees 
Fahrenheit  to  2>^  degrees  Fahrenheit.  In  the 
following  calculations  it  is  assumed  that  the 
amount  of  air  to  be  cooled  is  2,000  cubic  feet 
before   it   is   cooled,   and   not,   as   it  might  be 


con.strued  to  mean,  2,000  cubic  feet  of  cooled 
air. 

For  the  sake  of  simplicity  the  air  is  as- 
sumed to  be  dr3^ 

Dry  air  at  80  degrees  Fahrenheit  weighs 
0.0731  pounds  per  cubic  foot;  2,000  cubic  feet 
would  weigh,  in  pounds,  146.2 ;  the  specific 
heat  of  air  is  0.2377;  B.t.u.  required  to  cool 
2,000  cubic  feet  i  degree  Fahrenheit.  34.75 ; 
B.  t.  u.  required  to  cool  2,000  cubic  feet  44  de- 
grees Fahrenheit,  1,529. 

One  ton  of  refrigeration  is  sufficient  to  dis- 
pose of  heat  at  the  rate  of  288,000  B.t.u.  per 
24  hours,  or  (dividing  this  number  by  1,440, 
the  number  of  minutes  in  24  hours)  the  equiv- 
alent  rate  per  minute   is   200  B.t.u. 

On  this  basis,  the  cooling  of  2,000  cul)ic 
feet  of  air  per  minute  from  80  degrees  Fah- 
renheit to  36  degrees  Fahreheit  would  require 
the  expenditure  of 

1,529  -^-  200  =  7.64  tons. 
of  refrigeration. 

Had  the  requirements  been  for  2,000  cubic 
feet  of  cooled  air,  the  amount  of  refrigera- 
tion needed  would  have  been  8.36  tons,  the 
difference  being  accounted  for  by  the  differ- 
ence of  w^eight  per  cubic  foot  of  air  at  80  de- 
grees Fahrenheit  and  36  degrees  Fahrenheit, 
respectively. 


Cold  storage  and  refrigerating  warehouses 
in  Xew  York  State  have  been  placed  under 
the  jurisdiction  of  the  State  Commissioner 
of  Health  by  an  Act  recently  passed  by  the 
Legislature.  Besides  giving  the  power  of  in- 
spection and  supervision,  the  Act  also  limits 
the  period  of  storage  of  any  kind  of  food  to 
10  months,  except  that  butter  may  be  kept  in 
cold   storage   for    12  months. 
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SAFETY  AND  ECONOMY,  OR  THE 
REVERSE,  IN  COAL  MINING 

The  following  is  a  portion  of  a  letter  by 
Mr.  S.  M.  Sexton,  Blossboirg,  Tioga  county. 
Pa.,  in  a  recent  issue  of  the  Scientific  Ameri- 
can : 

The  lower  drift  at  Arnot,  Pa.,  has  been 
worked  since  1866.  There  was  seldom  less 
than  800  miners  employed  in  it.  The  work- 
ings extend  over  23,000  acres  and  96  per  cent, 
of  the  coal  is  taken  from  the  workings.  In 
the  forty-five  years  the  mine  has  been  worked 
but  six  men  have  lost  their  lives  while  dig- 
ging coal,  and  an  accident  is  a  very  rare  oc- 
currence. That  I  term  the  correct  method  of 
working  a  coal  mine. 

In  Sullivan,  Indiana,  a  coal  mine  has  been 
worked  seventeen  years.  About  150  miners 
are  employed.  The  workings  extend  over  600 
acres.  An  average  of  seven  men  have  been 
killed  in  it  each  year,  while  accidents  are  of 
almost  daily  occurrence.  That  I  call  the  in- 
correct method,  for  less  than  60  per  cent,  of 
the  coal  is  taken  out. 

The  method  of  working  at  Arnot,  Pa.,  is 
this :  All  coal  is  both  undercut  and  sheared 
by  pick  or  machine;  then  a  few  ounces  of 
powder  brings  down  the  coal  without  shatter- 
ing the  strata  above,  so  that  when  the  out- 
crop is  reached  the  pillars  can  be  drawn,  thus 
leaving  but  three  or  four  per  cent,  of  the  coal 
behind. 

The  freedom  from  death  and  accident  is 
due  to  this :  When  the  miner  reaches  his  room 
he  immediately  takes  his  lamp  from  his  head 
and  cautiously  raises  it  once  in  a  while  to  see 
if  the  flame  will  denote  the  presence  of  fire- 
damp. If  so,  he  does  not  blow  it  out,  but 
slowly  puts  it  down  on  the  ground  and  ex- 
tinguishes the  lamp  by  placing  his  coat  over 
it.  When  the  miner  reaches  the  "face"  he 
takes  a  pick  and  sounds  the  roof  to  find  out 
if  there  is  any  loose  rock  overhead.  If  so,  he 
either  wedges  it  down  or  sets  a  prop  under  it. 
Though  the  mine  is  full  of  coal  dust  no  dust 
explosion  ever  took  place  in  it. 

At  Sullivan,  Indiana,  the  coal  is  "shot  from' 
the  solid."  Little  or  no  under-mining  is  done. 
Each  miner  uses  from  five  to  ten  pounds  of 
dynamite  or  an  equally  strong  explosive  each 
day.  This  not  only  loosens  the  coal,  but  shat- 
ters the  roof  also,  so  that  if  a  vein  of  coal  is 
above  the  one  worked  it  is  extra  hazardous. 
It  does  more.  It  causes  the  almost  daily  acci- 
dent and  the  loss  of  about  40  per  cent,  of  the 


coal  in  the  mine.  It  is  rarely  possible  there  to 
draw  the  pillars.  So  the  net  result  is  the  loss 
of  40  per  cent,  of  the  mine  worked,  the  almost 
entire  loss  of  the  vein  above  and  a  continuous 
maiming  and  killing  of  the  miners. 

Consider  this  matter  in  another  way:  Sup- 
posing a  half  ton  or  more  of  dynamite  were 
exploded  in  five  and  ten-pound  charges  in  the 
streets  of  a  city  within  one  hour.  What  would 
be  its  effects  in  the  open?  Apply  this,  then, 
to  what  must  be  the  effect  of  the  explosion  of 
a  similar  amount  in  a  mine  where  the  effect 
of  the  explosion  has  but  a  single  direction  to 
expand.  All  this  is  to  take  place  within  the 
area  of  fifty  acres. 

The  method  used  in  Indiana  is  in  vogue  all 
over  the  West.  It  is  wasting,  criminally 
wasting,  a  large  percentage  of  the  most  valua- 
ble of  nature's  gifts  and  causing  a  wholesale 
slaughter  of  men.  I  edited  the  national  ofii- 
cial  organ  of  the  coal  miners  for  seven  years, 
and  my  observations,  extending  practically  all 
over  the  coal  field,  taught  me  that  there  was 
but  one  way  to  prevent  the  slaughter  of  miners 
and  the  criminal  waste  of  coal,  to  wit:  To 
make  it  a  penal  offense  to  shoot  coal  from  the 
solid  or  to  attempt  to  get  it  without  under- 
cutting and  shearing  the  "shot"  with  either 
pick  or  machine. 

What  would  be  the  result?  But  one-tenth 
of  the  powder  would  do  the  work;  there 
would  be  no  dust  explosions,  for  little  dust 
would  be  made ;  the  strata  above  would 
be  practically  unharmed,  thus  prevent- 
ing the  killing  and  maiming  of  miners  and  se- 
curing over  90  per  cent,  of  the  coal. 

That  this  is  so  is  again  illustrated  by  coal 
regions  separated  only  by  county  lines,  Alle- 
gany County,  M/aryland,  where  the  method 
used  is  similar  to  that  used  in  Arnot,  Pa., 
with  similar  results,  and  Allegheny  County 
Pa.,  where  the  Indiana  method  is  used  and 
the  same  results  ensuing. 

When  I  stated  these  things  in  the  miners' 
organ  the  operator  would  sneer  at  them  be- 
cause he  wanted  to  get  the  greatest  amount 
in  the  shortest  time  regardless  of  the  wrong 
he  was  doing  to  the  country  and  the  injury  to 
future  generations.  Many  miners  indulged 
in  somewhat  heated  criticisms  of  myself,  for 
they  too,  wanted  to  get  the  most  for  the  least. 


At  Penticton,  B.  C,  a  hydro-electric  plant 
is  being  installed  with  a  static  hydraulic  head 
of  2,115  feet. 
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DEVICES  OF  VARIOUS  PNEUMATIC 
INTEREST 

Pneumatic  apparatus,  or  tlcvicos  with  which 
the  air  has  soiiu'thiiij^  to  do.  arc  appearing 
constantly  in  all  the  technical  papers.  They 
are  indeed  so  familiar  that  it  is  not  worth 
while  to  call  attention  to  them  unless  they  are 
in  some  particular  a  little  out  of  the  usual 
line.  In  the  cut  upon  the  opposite  page  we 
have  grouped  together  several  clipped  from 
recent  exchanges.  It  is  probable  that  each 
will  be  of  interest  to  some  of  our  readers. 
Fig.  I,  an  aerating  apparatus  for  a  fish  tank 
is  from  Popular  Mechanics.  Place  immediate- 
ly above  the  fish  tank  a  small  reservoir.  Pro- 
cure a  siphon  tube  3/16  inch  in  diameter  and 
a  short  tube  of  about  ^i  inch  in  diameter,  the 
latter  to  serve  as  an  air  chamber.  In  the  side 
of  the  chamber  file  a  hole ;  fit  each  end  of  it 
with  a  cork.  Through  the  upper  cork  pass  a 
short  length  of  glass  tube,  and  connect  this 
with  the  end  of  the  siphon  tube  by  a  bit  of 
rubber  tubing.  On  this  rubber  tubing  mount 
a  regulator,  which  will  govern  the  amount 
of  water  flowing  through  the  siphon  tube. 
The  regulator  may  be  made  of  two  small 
pieces  of  wood  arranged  to  be  clamped  to- 
gether by  means  of  a  pair  of  screws,  so  as  to 
squeeze  the  rubber  tube,  and  thus  reduce  the 
flow  of  water  through  it.  Through  the  lower 
cork  of  the  air  chamber  run  a  glass  tube,  as 
indicated  in  the  drawing,  leading  to  the  cen- 
ter of  the  fish  tank.  The  upper  end  of  this 
tube  should  be  slightly  flared,  to  form  a  fun- 
nel-shaped mouth  directly  under  the  upper 
tube.  In  operation,  the  regulator  should  be 
adjusted  to  cause  the  water  to  drip  slowly 
from  the  siphon.  The  dropping  water  will 
fall  into  the  mouth  of  the  lower  tube,  and  the 
air  between  each  drop  of  water  will  be  im- 
prisoned within  the  tube.  The  alternate  drops 
of  water  and  air  spaces  will  then  travel 
through  the  tube  to  the  fish  tank,  spreading 
through  the  water  of  the  fish  tank  and 
thoroughly  aerating  it. 

Fig.  2  is  not  a  pneumatic  device  at  all.  It 
is  from  the  Practical  Engineer  and  merely 
graphically  propounds  a  question  which  no 
one  can  answer  without  at  least  thinking  of 
and  referring  to  the  air.  If  the  suction  pipe 
of  a  pump  is  connected  to  the  under  side  of 
an  air-tight  tank  filled  with  water  and  at  a 
higher  level  than  the  pump,  as  shown  in  the 
sketch,  can  the  water  be  drawn  from  the  tank? 


I'iR.  3.  ii  portable  instantaneous  leak  de- 
tector, is  from  tlie  Progressive  Age.  It  nor- 
mally has  to  do  with  gas,  but  is  equally  ap- 
plicable to  air  piping  at  light  pressures.  It 
will  inunediately  indicate  the  smallest  leak  in 
a  closed  system  to  which  the  apparatus  may  be 
attached.  A  mouthpiece  or  pressure  tube  "B" 
is  connected  through  a  cock  "F"  with  both 
an  elastic  rubber  bag  "A"  and  with  a  glass 
tube  "D"  which  projects  below  the  water  in 
the  air-tight  bottle  "C"  The  joint  at  "H"  is 
blank  and  the  tubing  comiects  the  system  to 
be  tested  with  the  air  chamber  above  the  wa- 
ter in  bottle  "C."  In  operation,  pressure  is 
applied  at  "B"  with  cock  "F"  open.  It  im- 
mediately equalizes  throughout  the  system. 
The  cock  "F"  is  then  closed  and  if  there  is 
any  leak,  the  pressure  beyond  *T"  will  be 
reduced  aiid  the  pressure  from  the  elastic  bag 
will  cause  bubbles  to  pass  through  the  water 
in  the  jar  "C"  at  a  rate  proportional  to  the 
size  of  the  leak.  This  apparatus  is  very  handy 
in  the  shop  for  testing  for  leaks  in  fixtures, 
tanks,  etc.,  while  out  on  a  job  it  is  especially 
adapted  to  test  house-piping. 

Fig.  4,  from  Machinery,  shows  a  tilting  sand 
blast  tumbling  barrel  for  cleaning  castings, 
built  by  the  Globe  Machine  and  Stamping 
Company,  Cleveland,  Ohio.  In  this  apparatus, 
as  will  be  seen,  are  combined  the  two  meth- 
ods of  cleaning,  namely,  tumbling  and  sand 
blasting,  and  the  result  is  an  embodiment  of 
the  simplicity  and  cheapness  of  the  tumbling 
barrel  with  the  efficiency  of  the  sand  blast. 
The  operation  of  the  outfit  is  as  simple  as 
that  of  an  ordinary  tumbling  barrel.  The 
contents  can  be  watched  closely  while  the  bar- 
rel is  in  operation  and  the  tilting  feature  al- 
lows the  barrel  to  be  readily  emptied  or  ad- 
justed to  give  more  or  less  violent  tumbling. 
The  sand  blast  barrel  requires  no  large  sand 
reservoir  or  conveying  machinery.  The  sand 
is  drawn  by  suction  from  the  sand  chamber 
and  discharged  against  the  work;  it  then 
drops  through  the  perforations  of  the  barrel 
into  a  sand  chamber  to  be  used  over  again. 
This  barrel  is  not  suitable  for  large  castings, 
but  for  small  work  which  can  be  readily 
tumbled.  The  outfit  is  inexpensive  and  has 
proved  satisfactory  in  service.  One  man  can 
easily  operate  from  six  to  ten  barrels. 

Fig.  5,  from  Canadian  Machinery,  shows  a 
small  double  emery  grinder  sketched  in  the 
Frog   and    Switch    shop    of   the    G.    T.    R.    at 


COMPRESSED  AIR  MAGAZINE. 


620^ 


Frc.  6 


VARIOUS  PNEUMATIC  DEVICES. 


Toronto.  It  is  driven  by  a  small  air  turbine 
or  motor,  mounted  on  the  shaft,  between  two 
emery  wheels.  A  reducing  valve  on  the  air 
line  brings  the  pressure  down  to  about  40 
pounds  per  square  inch,  the  pressure  gauge 
being  mounted  where  it  can  be  easily  read. 
It  is  not  claimed  that  this  is  a  highly  economi- 
cal method  of  driving  an  emery  wheel,  but 
where,  as  in  this  case,  there  is  no  belt  or 
electric  drive  available,  it  serves  the  purpose 
admirably.  For  the  sake  of  clearness,  the 
emery  wheels  have  been  omitted  in  the  end 
view.  An  idea  of  the  scale  of  the  drawing 
may  be  gathered  from  the  fact  that  the  thin- 
ner of  the  two  wheels  is  10  inches  diameter, 
and  that  the  centre  of  the  spindle  is  39  inches 
from  the  floor.  There  would  seem  to  be  here 
a  possibility  that  the  wheels  might  attain  a 
dangerous  speed  when  there  was  no  grinding 
friction  to  act  as  a  brake. 

The  air  hoist  device,  Fig.  6,  is  also  from 
Canadian  Machinery,  sent  in  by  a  contributor. 
When  air  hoists  are  carelessly  operated  the 
top  cylinder  heads  are  sometimes  hit  by  the 
piston  so  hard  as  to  break  something.  The 
coil  spring  shown  in  the  cut  is  intended  to 
check  the  piston  before  it  strikes.  The  spring 
is  made  of  1-4  or  5-16  in.  square  steel.  There 
should  be  a  washer  both  above  and  below  the 
spring  and  as  big  as  the  outside  diameter  of  it. 


MEASUREMENT  OF  AIR  VELOCITIES 

By  F.  G.  Hechler. 

In  heating  and  ventilating  work  it  is  often 
necessary  to  determine  the  amount  of  air  sup- 
plied by  a  fan.  The  volume  of  air  is  ex- 
pressed in  cubic  feet  ,and  as  it  is  nearly  al- 
ways conducted  from  the  fan  through  a  duct 
either  circular  or  rectangular,  the  cross-sec- 
tional area  of  the  conduit  and  the  velocity  of 
the  air  through  it  should  be  known.  The  pro- 
duct of  the  area  is  square  feet  by  the  velocity 
in  feet  per  minute  gives  the  cubic  feet  sup- 
plied per  minute. 

The  velocity  may  be  determined  in  several 
different  ways,  though  the  most  common 
method  is  by  the  use  of  an  anemometer,  a 
small-vaned  instrument  similar  to  a  windmill 
wheel.  The  wheel  is  connected  with  a  re- 
cording mechanism  by  the  use  of  which  in 
connection  with  a  stop-watch,  or  even  .an  or- 
dinary watch,  the  speed  of  the  air  past  the 
vanes  may  be  determined.  Its  convenience  is 
the  only  thing  to  recommend  it  as  an  ane- 
mometer, however,  as  its  readings  are  subject 
to  large  and  uncertain  errors. 

It  is  well  known  that  the  velocity  of  air  in 
a  pipe  line  is  not  the  same  at  all  points,  be- 
ing greatest  at  the  center  and  least  at  the 
sides,  where  friction  against  the  surfaces  re- 
tards it.     For  a  circular  pipe  the  law  of  vari- 
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ation  is  usually  takcu  to  be  a  parabola ;  the 
air  moving  in  concentric  layers  with  the  aver- 
age velocity  at  a  point  two-thirds  of  the  ra- 
dius from  the  center.  This  variation  in  vel- 
ocity may  partly  account  for  the  uncertain  re- 
sults obtained  with  an  anemometer,  and  it  is 
evident  that  an  instrument  properly  calibrated 
may  give  too  high  a  reading  if  held  at  the 
center  of  a  large  duct. 

A  better  way  to  determine  the  velocity,  and 
one  which  gives  much  more  reliable  results,  is 
to  use  a  Pitot  tube.  To  make  clear  the  prin- 
ciples on  which  the  use  of  this  instrument  is 
based,  its  use  for  determining  the  velocity  in 
a  water  main  will  be  considered.  Water  is  a 
more  concrete  substance  than  air  and  hence 
it  is  easier  to  deal  with  it;  but  exactly  the 
same  laws  apply  in  regard  to  the  velocity  of 
air  as  hold  for  water. 

A  pressure  gage  connected  to  a  pipe  line 
will  show  a  higher  pressure  with  no  flow  than 
when  the  water  is  in  motion,  and  the  faster 
the  flow  the  lower  the  pressure  shown  by  the 
gage.  When  there  is  no  flow  the  gage  shows 
the  total  or  static  head;  when  the  valve  is 
opened  and  flow  occurs  a  part  of  this  head  is 
used  up  in  causing  the  water  to  flow :  In  other 
words,  a  "velocity  head"  is  necessary  to  pro- 
duce motion,  the  remaining  head  shown  by 
the  gage  being  the  "pressure  head."  If  the 
pipe  were  perfectly  smooth  and  there  were  no 
friction  losses,  the  sum  of  the  velocity  and 
pressure  heads  would  always  equal  the  static 
head  shown  when  there  is  no  flow.  The  fric- 
tion losses  are  variable  and  not  easily  meas- 
ured, but  the  Pitot  tube  gives  a  ready  method 
for  finding  the  velocity  head,  and  from  that 
the  velocit}',  as  shown   later. 

If  a  tube  be  inserted  in  a  pipe  line,  as  at 
A,  Fig.  2,  with  its  inner  end  parallel  to  the 
axis  of  the  pipe  and  hence  to  the  direction  of 
flow  of  the  liquid  or  gas,  and  the  outer  end 
connected  to  a  U-tube  filled  with  w^ater  or 
mercury    (depending    on    the    pressure    to    be 


measured),  the  difference  in  the  height  of  the 
two  columns  represents  the  pressure  head  ex- 
pressed in  inches  of  water  or  inches  of  mer- 
cury. If  a  second  tube  be  placed,  as  at  B, 
with  its  end  bent  at  right  angles  so  that  it  is 
perpendicular  to  and  faces  the  flow  of  the 
stream,  its  manometer  tube  will  give  both  the 
pressure  head  and  the  velocity  head.  If  then 
the  difference  between  the  readings  of  B  and 
A  are  taken,  the  velocity  head  producing  flow 
is  obtained.  For  convenience,  these  two  separ- 
ate gages  are  usually  combined  into  one,  as 
shown  at  C.  Here  the  tube  at  the  left,  simi- 
lar to  A,  tends  to  show  the  pressure  head ;  the 
tube  at  the  right,  similar  to  B,  shows  the  pres- 
sure head  and  the  velocity  head.  In  other 
words,  connecting  the  tubes  in  this  manner 
automatically  performs  the  above  subtraction 
and  the  reading  of  this  gage  represents  the 
velocity  head. 

After  the  velocity  head  is  found,  the  veloc- 
ity  is  calculated  by  the  formula 

z/  =  V  2  gh, 
where 

V  ^  Velocity  in  feet  per  second  ; 

h  =  Velocity  head   in   feet ; 

g  =  Acceleration    due    to    gravity    in    feet 
per  second  ^  32.2  feet. 

If  the  manometer  contains  water  and  the 
velocity  of  air  is  being  determined,  then  the 
head  must  be  changed  from  inches  of  water 
to  feet  of  air  by  multiplying  by  the  ratio  of 
the  density  of  water  to  that  of  air.  To  do 
this  the  temperature  must  be  known,  as  the 
weight  of  a  cubic  foot  of  air  and  of  water 
depends  on  the  temperature.  To  illustrate, 
assume  that  the  manometer  reading  h,  in  Fig 
2,  is  I  inch  of  water  and  that  the  temperature 
of  the  water  and  of  the  air  is  60  degrees 
Fahrenheit.  From  tables  the  weight  of  i  cubic 
foot  of  water  at  60  degrees  is  62.37  pounds 
and  of  I  cubic  foot  of  air  at  the  same  temper- 
ature is  0.0764  pound,  or  the  height  of  a  col- 
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umn  of  air  in  feet  to  represent  the  same  pres- 
sure as  I  inch  of  water  would  be 
62.37        I       816.4 

X  —  = =  68.03  feet 

0.0764      12         12 
Using   the    equation 


?;,=:  V   2  g/z  =   V  2  X  32.2  X  68.03  = 

66.2  feet  per  second 
For  any  other  temperatures,  or  if  mercury- 
is    used    in    the    place    of    water,    the    proper 
weights  per  cubic  foot  would  have  to  be  used. 
— Pozver   (  abridged  ) . 


THE  WINDOWS    WERE  SUCKED  IN 

At  a  certain  foundry  a  positive  blower  is 
used  to  supply  draft  for  cupolas.  It  is  located 
in  a  separate  closed  room,  12x16  feet,  which 
has  three  glass  windows  3x6  feet.  The  door 
is  kept  locked  so  that  nobody  can  go  into  the 
room  to  loaf.  The  windows  were  the  only 
way  the  room  could  be  ventilated.  One  day 
the  windows  were  closed  tight.  The  man 
who  had  charge  of  the  blower  turned  it  on, 
thinking  everything  was  all  right,  locked  the 
door  and  went  back  to  his  work.  In  a  short 
time  there  was  a  crashing  of  glass  and  every- 
body thought  a  terrible  accident  had  happened. 

The  man  quickly  opened  the  door  and  to  his 
amazement  the  three  windows  were  on  the 
floor,  all  in  pieces.  After  the  blower  had 
run  a  little  while  it  produced  a  partial  vacuum 
in  the  room ;  hence  the  windows  were  simply 
sucked  in. — American  Machinist. 


APPARATUS  FOR  OPENING   AND 
CLOSING  SHOP  WINDOWS 

By  T.  M.  Dryden. 
An    arrangement    for    opening    and    closing 
shop  windows  by  compressed  air  is  shown  in 
the  accompanying  illustration.     It  consists  of 


an  air  cylinder  18  in.  long,  made  of  3^-in. 
pipe,  a  long  if^-in.  bar  and  the  necessary  con- 
nections. The  cylinder  sets  on  a  pin  whichl 
allows  it  to  swing  when  turning  the  rod.. 
The  rod  extends  the  length  of  the  shop,  being 
connected  to  the  windows  by  the  lever  arms 
as  shown.  There  are^-in.  air  connections  at  the 
top  and  bottom  of  the  cylinder  to  lower  and 
raise  the  piston  when  desired.  This  arrange- 
men  is  used  in  the  shop  power  house  of  the 
Central  Railroad  of  New  Jersey  at  Ashley, 
Pa.  It  operates  sixteen  windows,  and  with- 
out a  doubt  could  handle  three  or  four  times 
as  many.  It  was  designed  by  Frank  P. 
Meekins,  foreman  of  the  car  wheel  shop. — 
Railzcay  Age  Goccfte. 


Upper    Tank, 
Inverted       ^ 


Rubber  Hose 


Spraying  Nozzle 


GAS  FROM  ARTESIAN  WATER  WELLS 

In  the  artesian  basin  of  North  Dakota 
there  is  a  stretch,  about  10  miles  wide  aad 
25  miles  long,  in  which  the  water  contains 
a  quantity  of  natural  gas  varying  from  20 
to  50  cubic  feet  per  hour,  flowing  out  with 
the  water  at  a  pressure  of  from  25  to  65  lb. 
per  square  inch.  Many  farmers  having  an 
artesian  well  with  gas  are  utilizing  this  gas 
to  heat  and  light  their  homes.  The  separa- 
tion of  the  gas  from  the  water  is  effected 
by  means  of  two  tanks,  one  inverted  into 
the  other  as  shown  in  the  sketch.  The  gas 
collects  in  the  upper  tank,  and,  as  the  pres- 
sure rises  with  .accumulation,  this  upper  tank 
rises  until  it  can  hold  no  more,  the  gas  there- 
after escaping  around  the  lower  edges  into 
the  air.  When,  however,  the  gas  is  used, 
the  weight  of  the  tank  forces  it  through  the 
hose  at  the  top  and  the  pipe  connected  there- 
with to  the  fixtures.  One  town  in  the  arte- 
sian district  has  a  well  producing  gas  enough 
to  run  two  25  h.  p.  engines  running  a  dynamo 
to  light  the  whole  town,  besides  furnishiiig 
water  for  all  needs. 
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WONDERS  OF  WATER 

The  action  1)1  water  is  far  more  than  a 
purely  mechanical  une.  Water  wets  things 
anil  other  li(iiiicls  do  not.  Benzine,  ior  ex- 
ample, althongh  it  may  satnrate  a  fahric,  does 
not  "wet"  it.  It  has  heen  fonnd  that  most 
cliemical  reactions,  in  which  apparcntlN  water 
is  in  iu»  wa_\  concerned,  will  not  proceed  in 
ihe  ahsence  of  water;  so  that  water  nnist 
possess  some  action  i)ecnliar  to  itself  which  is 
not   yet   thoroughly    understood. 

Water  probahly  approaches  closer  to  the 
universal  solvent  that  the  ancients  dreamed  or 
than  most  people  suppose.  There  are  very 
few  things  which  will  not  dissolve  to  some 
extent  in  water,  and  distilled  or  rain  water, 
which  is  free  from  any  dissolved  mineral  mat- 
ter, possesses  remarkable  solvent  powers.  If 
placed  in  a  glass  or  earthenware  vessel,  it 
rapidly  attacks  the  glass  or  the  glaze  of  the 
earthenware,  dissolving  out  the  alkali.  If 
placed  in  metal  vessels  or  pipes,  the  metal, 
if  it  be  iron,  lead  or  zinc,  is  quickly  attacked 
by  the  water,  with  probably  the  help  of  the 
dissolved  air  which  it  contains.  This  power- 
ful solvent  action  of  what  is  commonly  called 
"soft'-  water,  is  alone  a  good  reason  for  the 
launderer  to  use  it  as  much  as  possible. 

Another  effect  of  this  powerful  solvent  ten- 
dency of  soft  water  is  that  as  it  passes  through 
the  soil,  carrying,  in  addition  to  its  own  sol- 
vent powers,  some  carbonic  acid  from  the  air 
and  some  of  the  humic  acid  from  the  decom- 
posing vegetable  matter  in  the  soil,  both  of 
which  help  it  to  attack  the  rocks,  it  dissolves 
out  a  large  variety  of  mineral  substances. 
The  most  common  are  sodium  chloride  (com- 
mon salt),  magnesium  chloride  and  calcium 
chloride,  calcium  sulphate  (gypsum),  mag- 
nesium sulphate  and  calcium  carbonate  (chalk 
and  limestone).  In  addition,  some  waters  con- 
tain peaty  matter  derived  from  bog  moss  on 
the   hills,   and   iron. 

All  or  any  of  the  substances  just  mentioned 
are  undesirable  in  the  washing  machine,  as, 
with  the  exception  of  the  peaty  matter,  they 
combine  with  the  fatty  acid  of  the  soap,  ren- 
dering it  useless  from  the  launderer's  point  of 
view,  and  thereby  causing  a  large  waste,  as 
well  as  the  bad  color,  streaks  and  other  blem- 
ishes due  to  the  lime  soap  already  referred  to. 
Another  objection  to  the  presence  of  lime  in 
the  water  used  in  the  washing  machine  is  that, 
although  most  of  it  goes  into  combination 
wnth  the  soap  or  is  thrown  out  in  a  loose  form 


by  the  soda,  yet  an  ai)i)recial»le  amount  very 
fre(inently  is  deposited  in  a  crystalline  form 
in  the  lihres  of  the  linen,  where  it  acciunulates 
with  every  wash  until  the  amount  present  is 
quite  appreciable.  These  sharp  crystals  of 
carbonate  of  lime  rapidly  assist  the  ordinary 
process  of  wear  and  tear,  and  the  life  of  the 
article  becomes  exceedingly  short. — National 
l.anndrx  Journal. 


DYNAMITE  DISAPPOINTMENTS 

A  young  man  employed  on  some  road  con- 
struction work  in  Virginia  saw  a  pail  stand- 
ing by  the  road.  Some  one  told  him  that 
the  pail  contained  dynamite,  so  to  show  that 
he  wasn't  to  be  blufifed  that  way  he  kicked 
the  pail.  The  dynamite  exploded,  and  the  un- 
expected happened,  for  the  only  injuries  sus- 
tained by  the  young  man  was  the  loss  of  both 
shoes  and  the  greater  part  of  his  pants.  In 
another  case  three  men  were  digging  a  well, 
and  after  they  had  got  down  about  5  feet,  they 
struck  some  rock  which  required  blasting.  A 
charge  of  dynamite  was  put  in,  and  the  fuse 
touched  ofif.  For  some  reason  the  charge  did 
not  explode,  and  after  waiting  some  time,  one 
of  the  men  crawled  up  to  the  well  to  see  what 
was  the  matter.  Just  as  he  had  his  head  well 
over  the  hole  the  dynamite  let  go,  the  only 
result  being  that  the  man  lost  the  skin  from 
the  very  tip  of  his  nose. 


THE  FRASCH   PROCESS 

The  Frasch  process,  invented  by  Herman 
Frasch,  of  Cleveland,  Ohio,  and  extensively 
employed  in  Louisiana,  whereby  practically 
pure  sulphur  is  obtained  directly  from  wells 
is  as  follows :  A  well  is  driven  in  much  the 
same  manner  as  a  gas  or  oil  well  is  sunk,  and 
into  it  are  placed  several  concentric  lines  of 
pipe.  Superheated  water,  introduced  through 
the  outer  pipe,  melts  the  sulphur,  which  may 
be  several  hundred  feet  below  the  surface. 
Hot  compressed  air  is  then  forced  through  the 
smallest  of  the  pipes.  This  forms  an  aerated 
emulsion  with  the  molten  sulphur,  which  is 
forced  out  by  hydrostatic  pressure  between  the 
remaining  pipes  and  discharged  in  a  purified 
form  into  large  vats  where  cooling,  solidifica- 
tion, and  feeding  go  on  simultaneously.  The 
sulphur  is  then  broken  up,  shipped  by  rail 
to  the  Gulf  coast,  loaded  on  ships  by  ma- 
chinery, and  transported  to  Eastern  coa.st 
ports. 
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INDEPENDENCE  IN  MINE  AND 
QUARRY 

Independence  is  the  unique  ideal.  It  is  a 
thing  so  desired  and  longed  for  that  the  most 
strenuous  and  protracted  exertions  of  earnest 
men  and  the  most  sweeping  sacrifices  of  all 
other  things  have  from  time  immemorial  been 
made  to  secure  it.  The  value  is  in  the  thing 
itself,  and  is  so  intrinsic  and  enduring  that 
too  much  can  never  be  paid  if  necessary  to 
secure  it.  Often  it  comes  cheaply  or  for  noth- 
ing at  all,  but  the  value  inheres  just  the  same. 

Independence  applies  and  has  its  value  in 
business  and  industry  just  as  much  as  in  so- 
ciology, and  ostensibly  is  as  constantly  sought 
for,  but  is  not  .always  recognized  and  appre- 
ciated and  appropriated  as  soon  as  it  comes 
in  sight  and  reach.  This  is  not  to  be  won- 
dered at  just  now,  as  the  work  of  the  most 
pronounced  and  efficient  of  modern  industrial 
emancipators,  which  electricity  surely  is,  has 
not  been  all  and  straigihtly  for  the  fosteringr 
of  general  and  permanent  independence.  Elec- 
tricity is  a  wonder  in  power  transmission,  and 
by  its  alertness  and  adaptability  has  driven 
out  some  of  the  most  established  of  old-time 
"facilities."  Especially  has  it  driven  out, 
among  other  things,  the  small  individual 
steam-operated  apparatus,  doing  the  same 
work  of  pumping  and  hoisting  and  hauling 
more  readily,  efficiently  and  cheaply. 

Before,  however,  electricity  began  to  show 
what  it  could  do  and  how  well  it  could  do  it, 
by  actual  performance  in  various  fields,  com- 
pressed air  had  become  very  firmly  estab- 
lished in  mines  universally,  and  in  quarries 
quite  extensively,  for  the  driving  of  the  rock 
drills,  so  that  in  many  cases  in  recent  years 
it  has  happened  that  steam  and  compressed  air 
and  electricity  have  all  found  employment  side 
by  side  where  one  of  the  agents  could  and 
should  have  done  it  all. 

This  is  a  kind  of  thing  which  is  not  to  be 
tolerated  in  these  days,  and  if  there  has 
not  been  a  formal  declaration  of  independ- 
ence, the  work  of  simplification,  which  is 
emancipation,  has  begun.  One  power  trans- 
mitter instead  of  three  is  what  we  are  to 
aim  at.  It  has  not  been  a  difficult  thing  to 
supersede  direct  live  steam  for  scattered  and 
isolated  service.  Its  wastefulness  and  incon- 
venience as  compared  with  either  air  or  elec- 
tricity is  conclusive  at  once  against  it,  and  it 
goes. 
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As  between  air  and  electricity  tlie  relative 
claims  are  not  so  easily  settled,  and  circum- 
stances may  sometimes  cause  the  retention  of 
both.  The  one  which  apparently  refuses  ab- 
solutely to  he  ignored  or  rejected  is  electricity 
It  nuist  be  had  at  least  for  lij^hting.  and  for 
long-ilistance  transmission  of  power  it  has 
made  the  field  its  own.  In  many  plants  in 
these  days  it  must  be  installed  for  these  fea- 
tures alone,  and  if  it  could  be  also  applied  to 
the  entire  service  in  any  particular  plant,  in- 
stead of  employing  also  one  or  both  of  its 
chief  competitors,  that  would  be  real  inde- 
pendence for  the  proprietor. 

Vor  the  driving  of  rock  drills  and  allied 
reciprocating  apparatus,  especially  the  chan- 
neler  for  quarry  work  and  the- radial-axe  coal 
cutter,  which  also  is  a  channeler,  air  has,  up 
to  quite  recently,  monopolized  the  job.  All  at 
once  comes  along  the  electric-air  device, 
which,  by  an  adroit  mechanical  compromise, 
entirely  changes  the  situation  and  makes  the 
electric  current  fully  competent  for  the  last 
employment  in  mine  or  quarry  which  com- 
pressed air  has  claimed  as  exclusively  its  own. 
It  is  the  independence  which  the  electric-air 
device  gives  as  to  choice  of  motive  power 
which  constitutes  its  supreme  excellence.  It 
emancipates  the  employer  as  completely  as 
ma}'  be  from  the  tyranny  of  his  servants  and 
he  may  now  make  his  arrangements  with  the 
one  instead  of  the  three.  The  electric-air  drill 
or  channeler,  or  the  electric-air  radial-axe  coal 
cutter  may  still  call  itself  an  air-operated  tool 
if  it  will,  but  only  a  wire  connects  it  with  the 
powerhouse. 


THE  DISAPPOINTING  AIR  RECEIVER 

By  Frank  Richards. 
In  speaking  here  of  air  compressors,  and 
more  particularly  of  the  air  receivers  which 
always  accompany  them,  the  writer  has  in 
mind  those  installed  for  service  sufficiently 
permanent  to  warrant  the  provision  of  safe 
and  economical  w'orking  conditions.  This  in- 
cludes air  compressors  which  are  installed  in 
most  of  the  plants  of  any  considerable  capac- 
ity. Compressed  air  is  used  as  a  necessity  for 
operating  rock  drills,  when  sinking  shafts, 
driving  tunnels,  and  in  general  mining  work, 
etc.  It  is  also  used  as  a  time  and  money 
saver  in  still  greater  volume  for  a  much  wider 
range  of  service.  Every  extensive  manufac- 
luring  plant  must  have  its  compressed  air  sup- 


l)ly  distribiUi-d  thr(jugh(jnt  its  works;  for  the 
larger  engineering  operations,  such  as  dams 
and  waterworks  construction,  and  in  the  most 
extensive  (piarries,  compressed  air  is  super- 
seding the  i.solated  steam-operated  pumps, 
hoists,  shoNels,  stone  crushers,  concrete  mix- 
ers,  etc. 

in  all  these  extensive  lines  of  air  service, 
and,  in  fact,  in  all  air  practice,  it  makes  a 
great  difference  as  to  the  condition  of  the  air 
when  used,  and  especially  as  to  the  moisture 
which  may  be  carried  in  it,  much  inconveni- 
ence and  Ickss  of  time  occurring  when  the  air 
is  not  kept  dry  and  clean.  There  is  always 
a  pretence  made  of  attending  to  this  necerssity. 
Who  would  think  for  a  moment  of  installing 
an  air  compressor  without  a  good  sized  air 
receiver  as  close  to  it  as  possible?  The. man 
who  would  set  up  an  air  compressor  without 
an  air  receiver  would  lose  all  his  respectabil- 
ity among  engineers.  Respectability  has,  per- 
haps a  good  deal  more  to  do  with  the  install- 
ation of  an  air  receiver  than  anything  else. 

SMALL    STORAGE   CAPACITY. 

If  you  were  to  ask  the  whys  and  wherefores 
of  an  air  receiver,  you  would  probably  be  told 
that  "everybody  always  uses  them."  If  you 
pressed  the  matter  still  further,  you  would 
most  likely  be  told  that  the  receiver  is  needed 
for  the  storag>e  of  air  and  the  steadying  of 
the  flow.  Well,  the  total  capacity  of  the  air 
receiver  usually  installed  with  an  air  com- 
pressor does  not  exceed  the  output  of  the 
compressor  for  one  minute.  If  the  compres- 
sor is  running  continuously,  and  if  the  air  is 
being  used  as  fast  as  it  is  delivered,  the  ap- 
paratus driven  by  the  air  must  come  to  a 
standstill  within  a  single  minute.  So  it  can  be 
readily  seen  that  the  air  receiver  as  a  storage 
adjunct    is    of    little   value. 

RECEIVERS   DO    NOT   COOL   THE   AIR. 

Builders  and  sellers  can  afford  to  have  you 
pooh-pooh  the  storage  service  of  air  receivers, 
but  they  will  still  assert  the  two-fold  need  of 
them  for  cooling  the  air  and  for  getting  rid 
of  the  moisture  in  it,  the  presence  of  the  latter 
being  the  most  serious  objection  to  the  air  in 
use  and  the  cause  of  the  most  trouble.  Now 
as  to  the  cooling  of  the  air,  how  can  the  re- 
ceiver do  it?  To  cool  the  air  as  it  comes 
from  the  compressor,  there  must  be  a  cooling 
surface  or  material  for  the  air  to  come  in 
contact  with,  and  to  which  it  may  impart  its 
heat.     The   air   receiver,   however,   is   a   plain 


COMPRESSED  AIR  MAGAZINE. 


621 1 


cylindrical  shell  with  no  pretence  of  a  cooling 
device  or  any  arrangement  of  the  sort  within 
it,  and  the  air  merely  passes  through  it  hur- 
riedly, emerging  at  the  other  end  practically 
as  hot  as  when  it  entered,  giving  up  its  heat 
more  or  less  rapidly  to  the  inner  surface  of 
the  pipes  through  which  it  travels,  for  which 
cooling  effect  the  pipes  and  not  the  receiver 
should  have  the  credit. 

COMBUSTION    IN    THE    RECEIVER. 

It  is  a  curious  fact  that  the  air  receiver,  so 
far  from  being  an  air  cooler,  has  often  been 
transformed  into  a  combustion  chamber.  Nu- 
merous authenticated  instances  are  cited  of 
receivers  which  have  become  red-hot  while 
compression  and  transmission  were  going  on, 
and  flames  have  been  emitted  at  the  ends 
of  the  pipe  at  a  considerable  distance  from 
where  the  air  was  "stored ;"  receivers  have 
also  sometimes  exploded,  which  is  much  worse. 
When  single-stage  compressors  are  worked 
up  to  desirable  service  pressures,  say  80  to  90 
pounds  gage,  the  temperature  of  the  air  dis- 
charged (water  jackets  having  very  little  ef- 
fect upon"  it)  is  high  enough  to  volatilize  the 
lubricating  oil  used ;  this  oil-gas  mingling  with 
the  air  in  such  proportion  as  to  form  an  ex- 
plosive mixture,  may  be  diffused  through  the 
receiver  and  into  the  pipe  lines.  Then  if  there 
is  a  sufficient  increase  of  temperature  to  cause 
spontaneous  ignition,  or  if  there  is  a  friction 
spark,  disastrous  and  often  fatal  explosions 
result.  It  is  well  known  that  for  the  forma- 
tion of  an  activeh^  explosive  mixture  of  oil- 
gas  and  air,  the  two  constituents  must  be  min- 
gled in  certa'in  proportions,  the  limits  of 
which,  in  either  direction,  have  been  quite 
precisely  determined,  and  if  either  the  oil- 
gas  or  the  air  be  in  excess  when  ignition  oc- 
curs, there  is  no  sudden  explosion,  but  simply 
the  active  combustion  which  makes  the  re- 
cevier  and  air  pipes  hot.  Although  this  is 
sufficiently  alarming  when  discovered,  it  may 
be  assumed  that  the  danger  of  explosion  is 
past. 

If  lubricating  oil  is  used  to  excess  in  the  air 
cylinder,  it  may  accumulate  in  pockets  or  upon 
the  horizontal  surfaces  for  a  considerable  time, 
and  when  favorable  conditions  occur  it  may 
take  fire  and  burn  from  the  surface,  just  as 
the  soot  in  a  chimney  takes  fire.  The  activ- 
ity of  the  combustion  is  not  to  be  wondered  at 
when  it  is  remembered  that  on  account  of 
compression,  the  quantity  of  oxygen  per  unit 


of    volume    has    increased    six-fold    or    more, 
according  to  the  pressure  carried. 

THE  RECEIVER  DOES    NOT   DRY   THE  AIR. 

While  the  air  receiver  is  not,  thus,  a  cooler 
of  the  air,  it  also  is  not,  for  the  same  rea- 
son, an  abstractor  of  the  moisture  in  the  air, 
this  being  the  most  desirable  service  which  it 
could  render,  and  which  it  has  been  too  readily 
assumed  to  do.  It  is  well  enough  under- 
stood that  atmospheric  air — free  air — always 
carries  moisture  and  also  always  has  capac- 
ity, or  as  we  might  say  appetite,  for  more,  up 
to  the  point  of  saturation,  when  its  avidity 
suddenly  ceases.  The  moisture-carrying  ca- 
pacity of  the  air  rises  very  rapidly  with  its 
rise  in  temperature,  and  diminishes,  but  not  so 
rapidly,  with  rise  of  pressure.  As  the  pres- 
sure must  always  be  at  the  highest  point  just 
when  the  air  is  leaving  the  compressor,  if  we 
can  then  reduce  its  temperature  to  the  lowest 
point,  the  air  will  be  in  a  condition  to  surren- 
der so  much  of  its  moisture  that  none  will  be 
found  later  to  cause  trouble,  when  lower  pres- 
sures and  perhaps  higher  temperatures  are 
reached  further  along  the  line.  It  being  thus 
sufficiently  evident  that  the  best  place  for  dry- 
ing the  air  is  as  near  the  compressor  as  pos- 
sible, the  first  requisite  is  an  efficient  cooler 
or,  rather,  aftercooler  for  the  air. 

The  air  receiver,  as  has  been  said,  has  never 
been  a  cooler  of  the  air,  and  the  builders  are 
now  testifying  to  this  fact  by  the  number  of 
aftercoolers  they  .are  offering.  The  best  of 
these  are  highly  efficient,  and  the  air  after  go- 
ing direct  from  the  compressor  and  through 
the  intercoolers  is  in  the  precise  condition  de- 
sired— that  is,  of  high  pressure  and  low  tem- 
perature— for  the  surrender  of  its  moisture. 
For  the  important  service  which  the  after- 
cooler  may  render,  nothing  could  be  expected 
to  work  more  cheaply.  There  is  only  the 
first  cost  of  the  apparatus  and  connections, 
and  then  a  sufficient  supply — not  large — of 
free  running  water. 

Now,  surely  the  air  receiver  is  available  for 
depositing  the  excess  moisture  which  the  af- 
tercooler has  liberated,  and  for  sending  forth 
the  air  sufficiently  dry  for  all  subsequent  em- 
ployment. Unfortunately,  the  typical  air  re- 
ceiver still  persists  in  its  inefficiency,  and  the 
air  passes  through  and  out  of  it  wet,  or  car- 
rying a  considerable  amount  of  free  moisture. 
It  is  to  be  remembered  that  when  the  satura- 
tion point  is  lowered  by  the  lowering  of  the 
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toinporature  of  the  air,  aiul  tlicrc  is  a  relin- 
quishing of  tlic  surplus  moisture  by  condensa- 
tii>n  into  water,  that  water  still  remains  in  the 
air,  as  mist  or  fog,  and  what  is  then  needed 
is  a  separator.  Any  of  the  separators  which 
are  successful  in  drying  steam  are  eciuaily 
ctVicient  in  taking  the  liberated  water  out  of 
ihc  air,  when  it  is  in  the  condition  here 
spoken  of.  The  efficiency  of  such  separators 
is  due  to  the  habit  which  water  has,  and  which 
liquids  like  alcohol,  benzine,  etc.,  do  not  pos- 
sess, of  wetting  or  clinging  to  the  surfaces 
with  which  it  comes  in  contact.  A  constant 
repetiti(Mi  of  this  wetting  process  causes  the 
water  to  drip  or  llow  off  and  accumulate  in 
pockets  provided,  from  which  it  may  at  inter- 
vals be  drawn  off. 

IMPROVE   THE   AIR   RPXEIVER. 

An  air  receiver  of  the  common  type,  pre- 
ferably horizontal,  if  merely  provided  with  a 
series  of  baffle-plates  (which  might  be  added 
without  much  additional  cost)  would  be  an 
efficient  separator,  provided  that  the  air  pass- 
ing through  it  were  in  the  prescribed  condi- 
tion of  high  pressure  and  low  temperature. 
Indeed  it  would  seem  to  be  quite  possible  to 
combine  in  one  apparatus  the  two  functions  of 
cooling  the  air  and  separating  the  freed  water 
from  it,  and  it  might  also  be  made  large 
enough  to  constitute  a  storage  capacity  equal 
to  that  of  the  plain  air  receiver.  It  would  seem 
to  be  almost  an  absurdity  to  be  still  installing 
the  latter. — Machinery,  with  some  additions 
by  the  writer. 


CONSTANT    COMPRESSED    AIR    VOL- 
UME WITH  VARYING  PRESSURE 

In  general  compressed  air  practice  the 
usual  requirement  is  the  maintenance  of  a 
constant  pressure  while  furnishing  a  varying 
volume,  but  it  appears  that  the  successful  oper- 
ation of  w^ater-gas  sets  depends  primarily  upon 
constancy  of  volume  of  air  supplied  the  gen- 
erator, and  not  upon  constancy  of  pressure. 
By  furnishing  a  constant  volume  at  high  pres- 
sure the  blast  period  is  cut  down,  permitting 
a  longer  "making  period,"  which  results  in 
a  material  increase  in  the  capacity  of  the  gas 
generator. 

If  each  gas  generator  had  its  own  individual 
blower  this  would  bring  the  task  of  govern- 
ing it  back  to  the  ordinary  method  of  govern- 
ing the  stationery  engine  by  the  maintenance 
of  constant   speed,   this   giving  practically   the 


volunic  ri<iuirc(i.  \\  luii,  lujwever,  generators 
take  their  air  from  a  connnon  blower  installa- 
tion the  case  is  different.  To  maintain  this 
constant  volume  under  such  conditions,  re- 
gardless of  the  varying  resistances  of  the  ' 
lire,  a  gate  or  aperliircd  disc  will  serve,  al- 
though the  Venturi  tube  i.s  ccnning  into  gen- 
eral use.  The  constant  volume  is  a  result  of 
maintaining  a  differential  of  pressure  through 
the  tube;  in  other  words,  if  the  drop  of  pres- 
sure is  kept  constant,  the  volume  per  any 
given  unit  of  time  will  be  constant,  therefore 
a  valve  is  placed  in  the  tube  to  open  or  choke 
the  pipe  as  much  as  is  necessary  to  maintain 
the  constancy  in  the  pressure  drop. 

To  operate  the  water  gas  blowing  set  for 
these  conditions,  the  speed  is  maintained  to 
deliver  the  maximum  volume  required  at  a 
pressure  which  will  drive  the  desired  volume 
through  the  fire,  regardless  of  the  existing 
back  pressure  due  to  clinkering,  etc.  To  run 
a  blower  at  such  high  speed  requires  in  the 
case  of  steam  driven  set  that  the  turbine  be 
developed  for  this  special  service,  capable  of 
giving  a  blast  pressure  considerably  over  30 
inches  W.  G.  In  some  recent  tests  with,  very 
large  blowers,  over  40  inches  W.  G.  was 
maintained. 


STEAM  OR  AIR  FOR  ATOMIZING 
FUEL  OIL 

By  a.  M.  Hunt. 
In  order  that  petroleum  may  be  burned 
with  complete  combustion,  it  is  necessary  that 
it  be  either  gasified  or  injected  in  the  form 
■  of  a  spray  into  the  furnace  in  which  it  is 
burned.  The  general  practice  is  to  deliver 
the  oil  to  the  burner  under  head  and  then 
nebulize  it,  using  air  or  steam  for  the  latter 
purpose.  Most  fuel  oils  are  of  a  viscous 
character  and  are  generally  preheated  in  a 
heater  using  the  exhaust  steam  from  the 
pumps  which  handle  the  oil ;  this  greatly  re- 
duces the  viscosity.  The  burners  should  be 
so  designed  that  the  .relative  areas  of  open- 
ings for  oil  and  the  atomizing  medium  can 
be  maintained,  or,  if  they  become  enlarged 
by  scoring,  that  adjustment  can  be  readily 
and  inexpensively  made.  A  considerable  num- 
ber of  tests  examined  by  the  author  show  that 
an  average  of  4  per  cent,  of  the  steam  evapor- 
ated by  a  boiler  is  required  for  atomizing  the 
oil  fuel  (minimum,  2.39  per  cent. ;  maximum, 
7.4  per   cent).     In    designing   a   plant   a    con- 
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sumption  of  5  per  cent,  should  be  assumed. 
In  operation  if  the  amount  required  is  much 
in  excess  of  3  per  cent.,  it  may  be  concluded 
that  the  condition  can  be  bettered. 

In  certain  metallurgical  and  industrial  op- 
erations, especially  where  high  temperatures 
are  desirable,  the  use  of  air  under  pressure 
for  atomizing  the  oil  is  to  be  preferred.  In 
a  rotary  cement  kiln,  7^  ft.  diam.  by  125  ft. 
long,  producing  500  bbl.  of  clinker  daily  with 
a  single  burner  delivering  4  gal.  oil  per  min., 
the  air  used — at  80  lb.  pressure — was  25  per 
cent,  of  the  weight  of  the  oil  atomized.  A 
reverberatory  copper  matting  furnace,  hearth 
80  X  17  ft.,  with  roof  arch  39  in.  above  the 
surface  of  the  bath  on  the  hearth,  required 
36,472  lb.  oil  for  smelting  182  tons.  The  air 
was  supplied  by  a  Connersville  blower  at  9 
lb.  pressure,  and  i  lb.  air  was  required  for 
■each  2  lb.  of  oil  burned.  A  manufacturer 
gives  the  following  data :  For  marine  boilers 
allow  0.2  cu.  ft.  of  free  air  for  each  boiler 
H.P.,  the  air  being  supplied  at  about  25  lb. 
pressure.  In  burning  sewer  pipe,  about  5  cu. 
ft.  of  air  per  min.  is  required  for  each  burner 
using  5  gal.  of  oil  per  hour.  A  lo-cu.  ft.  com- 
pressor running  at  20  lb.  pressure  will  supply 
air  sufficient  to  atomize  the  oil  fuel  required 
by  a  boiler  for  heating  a  small  apartment 
"house  by  steam.  A  compressor  for  a  2500- 
H.P.  boiler  installation  was  designed  to  fur- 
nish, at  full  capacity,  air  weighing  55  per  cent, 
of  the  weight  of  the  oil  atomized. — Condensed 
from  Journal  of  Electricity,  Power  and  Gas. 


NOTES 

Pittsburgh,  Pa.,  is  hereafter  to  have  its 
name  always  spelled  with  the  h  as  above,  the 
feelings  and  wishes  of  the  Pittsburghers  being 
accounted  of  more  weight  than  those  of  all 
the  "simplified"  spellers  in  the  United  States. 


The  firm  of  Krupp,  in  Essen,  Germany,  this 
year  celebrates  its  hundreth  anniversary.  The 
iirm  was  established  in  181 1,  and  for  fifteen 
years  only  six  persons  were  employed.  Now 
the  total  number  of  employes  is  70,000. 


Machinery  arrangement,  artificial  shop 
lighting  and  the  advantages  and  disadvantages 
of  concrete  floors,  composition  floors  and 
wood  floors  for  manufacturing  plants  are  to 
be  made  the  special  subject  for  a  meeting 
Tuesday  evening,   October   10,   of  the  Ameri- 


can Society  of  Mechanical  Engineers,  at  the 
Engineering  Societies  Building,  29  West 
Thirty-ninth    street,    New   York   City. 


The  Alexander  Gibson,  believed  to  be  the 
last  full-rigged  American  ship,  is  being  dis- 
mantled for  conversion  into  a  coal  barge. 
Her  tonnage  is  only  about  one-twentieth  of 
that  of  the  biggest  steamships  of  to-day. 


More  acetylene  gas  can  be  transported  in 
the  form  of  calcium  carbide,  and  at  less  cost 
than  in  any  other  way.  A  can  of  carbide  13 
by  23  inches  weighs  100  pounds  and  will  yield 
400  cubic  feet  of  acetylene.  Transportation 
in  this   form   is  of  course  absolutely  safe. 


Old  Sanly  McPherson '  and  young  Aleck 
McDonald  were  working  together  over  at  the 
power  plant,  when  Aleck  says,  "Sandy,  what 
is  this  'ere  stuff  they  call  vaakum?"  Sandy 
replies:  "It  is  naught,  lad;  it  is  nothing." 
Aleck  says :  "Sure  it  must  be  som'ot,  Sandy, 
it  must  be  something,  for  they  keep  it  in 
pipes  here." — Power. 


Carbonic  acid  in  the  atmosphere  arises 
from  respiration  of  animals,  from  processes 
of  combustion,  from  the  decomposition  of  or- 
ganic substances.  Boussingault  estimated  that 
in  Paris  the  quantities  of  carbonic  acid  pro- 
duced every  24  hours  were :  population  and  ani- 
mals, 11,895,000  cubic  feet;  combustion,  92,- 
101,000  cubic  feet. 


A  mixture  of  acetylene  and  air  becomes  ex- 
plosive when  there  is  3.35  per  cent,  of  acety- 
lene present;  while  a  mixture  of  coal  gas  and 
air  does  not  become  explosive  until  the 
amount  of  gas  present  reaches  7.9  per  cent. 
Air  may  be  added  to  coal  gas  and  the  mix- 
ture will  not  become  explosive  until  the  per- 
centage of  coal  gas  is  reduced  to  19.1  per  cent, 
of  the  mixture;  while  if  air  is  added  to  acety- 
lene the  mixture  becomes  explosive  as  soon 
as  the  acetylene  has  fallen  to  52.3  per  cent. 


The  use  of  stage  compression  of  air  at  high 
altitudes  is  recommended  by  the  fact  that  a 
larger  percentage  of  saving  is  possible  by  this 
system  than  would  accrue  at  sea  level.  The 
compressor  must  be  larger  for  a  given  output 
than  at  normal  atmospheric  pressure,  and  the 
first  cost,  accordingly,  greater.     The  ratio  of 
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Compression  is  siiialk-r  at  tlu-  liij^li  ahitndi-, 
ami  the  pc-rofiitayc  loss  from  piston  clearance 
larj^er,  while  the  value  ot  the  inter-cooler  is 
greater  where  the  ranj.;e  of  pressure  throu);h 
which  the  air   must   Ik-  carried   is  increased. 


-Vccortlinj;  to  the  Consolidated  G.is  Com- 
pany t)f  Xew  York  City,  it  re(|uires  »Sio,{XXi 
tons  of  coal  per  year  to  make  gas  for  the 
boroughs  of  Manhattan  and  the  Bronx.  This 
means  20.250  cars  of  40  tons  capacity  each,  or 
a  train  about  130  miles  long.  With  this  coal, 
tXi.ooo.ooo  gallons  of  oil  also  are  used.  Fig- 
uring this  on  its  equivalent  heating  value  in 
coal,  and  allowing  J. 7  pounds  of  coal  per 
horsepower-hour,  this  fuel  would  develop 
80.000  horsepower  for  one  year  of  365  days  of 
24  hours  each.  For  300  days  of  10  hours  each, 
it   would   develop  234,000  horsepower. 


The  importation  of  needles  at  Chungking 
last  year  increased  by  31,963.000  to  334,700,000. 
In  many  parts  of  the  province  these  are  put  to 
a  use  that  is  not,  perhaps,  generally  known. 
It  is  customary  to  ornament  the  center  of  the 
roof  ridge  of  a  Chinese  house  with  an  elab- 
orate plaster  decoration — usually  in  the  form 
of  a  design  embod3Mng  the  character  fu,  mean- 
ing "happiness."  To  prevent  this  being  dam- 
aged by  the  depredations  of  crows,  large  num- 
bers of  needles  are  stuck  point  outwards  into 
the  plaster  while  it  is  still  soft. 


i\I.  Chaumet.  the  French  Postmaster-Gen- 
eral, has  decided  to  ofTer  a  prize  for  the  best 
pneumatic-tube  system.  The  "petitbleu,"  or 
threepenny-  pneumatic  post,  w^hich  is  often  as 
speedy  as  a  telegram,  and  enables  a  long 
communication  to  be  cheaply  sent,  has  be- 
come so  popular  in  Paris  that  the  service  has 
recently  been  extended  to  all  the  nearer  sub- 
urbs. A  further  extension  is  provided  for  in 
the  191 1  Budget,  and  M.  Chaumet  is  anxious 
to  find  out  if  some  improvement  cannot  be 
secured  by  changing  the  existing  plant.  Three 
prizes  are  offered :  $300,  $200  and  $150  re- 
spectively. 


In  probably  the  first  accident  of  the  kind, 
Philip  Burrell  was  burned  to  death  and  "Pick" 
Mann  was  perhaps  fatally  injured  when  a 
threshing  outfit  exploded  a  gas  pipe  on  a  road 
two  and  a  half  miles  north  of  Lawrenceville, 
Ind.  Burrell  had  been  operating  the  outfit 
for    his    father,    William    Burrell,    and    while 


going  along  tlu'  road  the  iuaxy  traction  en- 
guu'  r.iu  o\ir  ;i  \\\^\\  pressure  gas  line,  break- 
ing the  i)ipi'.  Instantly  the  flames  shot  50  ft. 
upward  ihrougli  the  leak,  enveloping  the  en- 
gine, separ.itor  and  stacker  of  the  thrishing 
outfit.  Iiurrill,  who  was  the  engineer,  was 
caught  hitween  the  engine  and  the  separator 
.and  slowly  bmni-d  to  death.  M.inu.  who  was 
riding  on  the  thresher,  lea|)e(l  to  the  ground, 
■.\\u\,  although  flames  enveloped  him,  he  man- 
aged to  get  out  of  the  zone  of  the  fire,  hut  not 
until  he  had  been  dangerously  burned. 


There  is  a  great  deal  of  discussion  at  the 
present  time  on  the  needless  waste  of  using 
compressed  air  for  atomizing  purpo.ses  when 
superheated  steam  will  answ'er,  but  in  the 
small  casting  business  one  of  the  main  diffi- 
culties is  getting  the  metal  hot  enough  to  run 
the  thin  sections  in  the  molds,  and  since,  by 
its  very  nature  compressed  air,  while  atomizing 
the  oil,  furnishes  at  the  same  time  oxygen  for 
combustion,  and  that,  too,  very  intimately 
mixed  with  the  oil,  it  is  quite  evident  that 
by  using  air  we  would  get  quicker  combus- 
tion, a  shorter  flame  and  a  somewhat  hotter 
furnace. 


"As  drunk  as  a  fish"  is  a  common  expres- 
sion, but  not  many  people  ever  saw  a  fish 
drunk.  However,  those  w^ho  attended  a  tem- 
perance demonstration  by  E.  F.  Sutherland, 
of  Columbus,  Ind.,  were  permitted  to  see  in- 
toxicated fish.  Sutherland  placed  fish  in  a 
tank  of  water  and  added  alcohol  to  the  wa- 
ter. In  a  little  while  the  fish  began  cutting 
capers  that  would  have  surprised  an}''  self- 
respecting  members  of  the  finny  tribe.  By 
and  by  the  alcohol  became  too  strong  for  the 
fish,  and  they  started  to  turn  on  their  backs. 
Sutherland  saved  their  lives  by  transferring 
them  to  fresh  water. 


A  peculiar  mine-cage  accident,  Sept.  3,  in 
the  shaft  of  the  Black  Rock  mine,  near  Butte, 
Mont.,  caused  the  death  of  six  miners.  A 
load  of  dull  drill  steels  was  being  hauled  to 
the  surface  on  the  cage,  and  the  six  men 
boarded  the  cage  to  ride  up  with  the  steel, 
in  violation  of  the  mine  rules.  According  to 
press  reports,  the  drill  steels  became  dislodged 
during  the  ascent  so  that  some  of  them  pro- 
jected from  the  cage  and  struck  against  the 
sides  of  the  shaft.  This  caused  their  other 
ends  to  thrash   about  in  the  cage.     The  men 
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were  bruised  and  mutilated  by  the  steels  and, 
according  to  reports,  were  finally  swept  from 
the  cage,  falling  1,400  ft.  to  the  bottom  of  the 
shaft. 


LATEST  U.  S.  PATENTS 

Full  specifications  and  drawings  of  any  pat- 
ent may  be  obtained  by  sending  live  cents  {not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 


AUGUST  I. 


Chris- 


999,220.  AIR   OR   GAS    COMPRESSOR. 
TOPHER  C.   Harmon,  Charlotte,  N.  C. 

999,225.     VIBROSCOPE.        Charles     F.     Hope- 
well,  Newton,   Mass. 

999,269.      PNEUMATIC      DUST   -   SEPARATOR. 
Ira  H.   Spencer,   Hartford,   Conn. 


AUGUST  8. 

999,732.     AIR-BRAKE         FOR         VEHICLES. 

Charles  Anspach,   Amherst,   Nebr. 
999,779.     PNEUMATIC    CLOCK.      Augustus    L. 

Hahl,  Chicago,   III. 
999,870.      ELECTRICAL     APPARATUS.        Karl 

C.  Randall,  Edgewood  Park,  Pa. 

2.  The  combination  with  electric  apparatus  and 
an  inclosing-  casing  therefor,  of  a  relatively  high- 
pressure  storage  reservoir,  a  pump  for  supply- 
ing dry  air  thereto,  and  means  for  supplying  dry 
air  from  the  storage  reservoir  to  the  casing  at  a 
reduced   pressure. 

999,880.  HOT-AIR  PRODUCER  AND  BLOW- 
ER. August  Schaeffer,  Frankfort-on-the- 
Main,   Germany. 

999,985.  OVERDRAFT-BLAST  FOR  FORGES. 
John  Geist,  Nash^  ille,  Tenn. 

1,000,001.  VACUUM  APPARATUS  FOR  HY- 
PEREMIC  TREATMENTS.  Robert  A.  C. 
HoLz,   Cleveland,   Ohio. 

1,000,021.     PUMP.      John   Lee   Latta,    Hickory, 

N.  C. 

1,000,032.  JPNEUMATIC  STACKER.  William 
Russell  Miller,  Hamilton,   Ontario,  Canada. 


Pneumatic  Patents  August  i. 


999,273.  FLUID-PRESSURE  VALVE.  Wil- 
liam W.  Temples,  Columbus,  Ga. 

999,290.  VACUUM-PUMP.  Frank  Aronson. 
Evanston,  111. 

999,325.  VACUUM  CLEANING  APPARATUS. 
George  W.  Mackenzie,  Ben  Avon,  Pa. 

999,330.  PAINT  OR  COLOR  DISPERSER 
WITH  MORE  THAN  ONE  AIR-NOZZLE. 
Hans  Mikorey,  Schoneberg,  near  Berlin,  Ger- 
many. 

999,351.  AIR-BRAKE  APPARATUS.  John  H. 
Wallace,   San  Francisco,   Cal. 

999,371.  VACUUM-CLEANER.  William  H. 
Keller,  Philadelphia,  Pa. 

999,506.  AIR-TIGHT  VALVE  FOR  PNEU- 
MATIC TIRES.  Morris  Levrant,  New  York, 
N.  Y. 

999,604.  PNEUMATIC  DUST  -  SEPARATOR. 
Ira  H.  Spencer,  Hartford,  Conn. 

999,661.  AUTOMATIC  TOOL-FORGING  MA- 
CHINE.    Lorenza  H.  Kunkle,  Altoona,  Pa. 


1,000,075.     TUNNELING-MACHINE.       William 

R.  Collins,  Georgetown,  Colo. 
1,000,130.     ROCK-DRILL.     James  A.  Thompson 

and  Edwin  M.  Mackie,  Franklin,  Pa. 
1,000,169.     WATER-ELEVATING  APPARATUS. 

Thomas  W.  Gray,  Woodville,  Pa. 

1.  In  a  liquid-lifting  apparatus  controlled  by  a 
supply  of  compressed  fluid,  a  liquid-holding 
chamber,  an  outlet  pipe  therefor,  an  inlet  valve- 
seat  between  the  compressed-fluid  supply  and  the 
chamber,  a  valve  actuated  by  differential  pres- 
sure and  seating  in  the  direction  of  the  flow  of 
fluid  through  the  seat  and  having  its  smaller 
area  in  contact  with  the  fluid,  an  exhaust  valve- 
seat  for  the  said  chamber,  a  valve  therefor  actu- 
ated by  differential  pressure  and  seating  in  the 
direction  of  the  flow  of  the  exhaust  fluid  from  the 
chamber  through  the  said  exhaust  valve-seat,  a 
passage  leading  the  compressed-fluid  supply  to 
the  larger  areas  of  the  said  valves,  and  means 
controlled  by  the  liquid-level  in  the  chamber  for 
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COMPKlCSSia)    MR    MAdA/INK. 


<»xli;iiist inK  tlir  pn-ssurc  on  tlu-  said  I:ii>f«'»'  aifMs 
of  the  \al\rs  wln-n  tin-  ll«|ui(l  Is  at  a  inii)liiiuin 
low  lv\v\  and  for  cIohIiik  tin-  said  tliiid  rxliaiist- 
itiK  iiH-ans  whrii  tlu>  li«iiiid  Is  at  a  maxlnniiii  IiIkIi- 
er  level. 
1.(MM».1SL'.       AIOKATINC,    -    MACllINi:.         .InsiAlI 

CiiAKi.ics    l''i!i:i)KKii'K    I  .A  WKKNt'K,    I'lalnaii.    near 

MeU)«Mirne,    N'ietoria.    Australia. 

i,(MMt.i;t:{.     uiovi:i{siN(;-\ALVi<:  Miot^iAXisM. 

WlI.MAM    (\    I'liST.    lOsllielvllle,    Iitwa. 

1.  In  an  air  pump  for  loeoniot i\<s.  the  coiul)!- 
nation  with  opposed  cylinders,  of  a  reversing 
val\t'  and  a  r»'eiproeal)|t>  val\c  ojx'ratinK:  stem 
ananKfd  i>n  one  end  of  tlu-  e.siinders.  pistons  re- 
speetively  arran^eil  within  eaeli  of  the  cylinders 
an«l  eonneeted  by  a  piston  rod,  one  end  of  tlic 
piston  rod  projeetinj;  heyond  the  end  «»f  the  cylin- 
der opposit*'  th»>  ie\ cisin^"  \alve  and  its  stem,  a 
vai\'e  rod  nio\ably  supported  by  tlie  cylinders 
and  arranged  in  i>aralU'l  with  tlie  said  piston 
rt)d.  an  arm  conneetiuK  the  valv*-  rt)d  and  th(> 
valve  stem,  and  means  comu'Ctiuf?  the  piston 
rod  and  the  valve  ro«l  for  moving-  the  latti'r  and 
thereby  actuating  tin*  valve  stem  upon  move- 
ment of  the  said  pistons  in  either  direction. 


FOR        OHTAININc; 

AunusTua     Steioek 


i.(H)(i..^(;i.     Air'roMATic     riAXo.       I'l.ovi,     k 

Stai'KI'KU.    Dallas.    'I'ex 
l.(i(Mi, .',(•,»;.      KO'I'AUY       I'lJMI'      |.'()U      VACITITM 
SYSTIOMS.      Axioi,   Wkhtich.   MInneaixillH.   Minn. 

i.(HMi,r,(;s.     i'M.:iiMA'ri('     hammI':r.      mklvin 

.\i,iu:ic'r    'S'kaki.kv,    Kauuus,   Ohio, 
l.o'iu.cir..      AIK-I'lIMI'.       CiiAKMCH    VV.     M(:(;ai(Y. 
lOvcrctt,    Mass. 

1. >.<;<;:».    api'ara'imts 

(iAS      I'^ROM      W 10  U.S. 

C\)()i'Ki{,    r.,os    Olivos,    Cal. 

An  .ipp.uatus  for  the  lecovcry  of  Kas  from 
wells  consi.stiuK'  of  a  w«-ll  casiriK  F»n)vided  above 
the  li<iuid  column  with  a  Kas  outlet,  of  u  eon- 
timiously  open  flow  i)ipe  extfiidiriK  down  from 
the  surface  of  the  well  to  the  vicinity  of  its  bot- 
tom and  clo.sed  at  its  lower  end  to  the  liquid 
of  the  lower  portion  of  the  lif|uid  column  in  .said 
well,  n  second  continuously  open  pijx',  the  upper 
end  of  which  is  open  to  the  li(|uid  of  the  upper 
))oition  of  said  li(|uid  c-olunui  and  thence  ex- 
tending down  in  tlie  w<-II,  its  lower  end  c;ommuni- 
catinK  with  the  lower  end  of  the  (low  pipe  to 
deliv<'r  thereto  licfuid  only  from  tlie  upper  por- 
tion of  the  lifiuid  column,  a  pipe  extendinj?  from 
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1,000,253.  DIPPER -TRIP  FOR  STEAM- 
SHOVELS.     Albert  H.  Geddes,  Empire,  Canal 

Zone. 

1,000,274.  FURNACE-DOOR  OPENER.  Shep- 
ARD   Lyon,    Sault   Ste.    Marie,    Mich. 

1,000,286.  LIQUID-PISTON  VACUUM-PUMP. 
Marcel  Andre  Moulin,  Paris,  France. 

1,000,298.  PREPARATION  FOR  SLOWLY 
LIBERATING  OXYGEN.  Leopold  Sarason, 
Hirschgarten,   near   Berlin,    Germany. 

AUGUST    15. 

1,000,377.  ACCENTING  DEVICE  FOR  PNEU- 
MATIC-PIANO-PLAYER ACTIONS.  James 
W.   Crooks,   Mount  Vernon,   N.   Y.    • 

1,000,382.  VACUUM  CLEANING-MACHINE. 
Ora  Drake,   Cleveland,   Ohio. 

1,000,467.  PRESSURE-REDUCING  MECHAN- 
ISM FOR  MOTIVE-FLUID  DRILLS.  Dan- 
iel S.  Waugh,   Denver,  Colo. 

1,000,539.  GASEOUS-FLUID  COMPRESSOR. 
Ernest  Nauer,  Chicago,  111. 


a  source  of  air  pressure  dow^n  into  the  well  and 
provided  at  its  lower  end  with  an  upturned  por- 
tion projecting  into  the  lower  end  of  the  flow 
pipe  and  adapted  to  deliver  a  stream  of  air  un- 
der pressure  therein. 
1,000,689.      PULP-AGITATING        APPARATUS. 

William  Campbell  Paterson,  Denver,  Colo. 
1,000,690.      WINDMILL-ACTUATED    AIR-COM- 
PRESSOR. Stephane  Pichault,  Valenciennes, 
France. 
1,000,713.      COMPRESSED-AIR      WATER-ELE- 
VATOR.     Frank    Peter    Callow,    Salt    Lake 
City,  Utah. 
1,000,721.     DIVING-HELMET.       Anton     Cypra, 

Worcester,    Mass. 
1,000,729.      FLUID-PRESSURE       REGULATOR. 

August  Gloeckler,  Chicago,  111. 
1,000,759.       AIR-PUMP.      Paul    Schou,    Copen- 
hagen,  Denmark. 
1,000,809.     AIR-COMPRESSOR.   Ebenezer  Hill, 

Norwalk,    Conn. 
1,000,858.     VACUUM-CLIP.       Charles     B.     Ul- 
RiCH,  Hancock,  Mich. 
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1,000,884.     PNEUMATIC   TOOL.      Albert   Ball, 

Claremont,  N.  H. 
1,000,905.      PRESSURE-FED      TOOL.         George 

H.   Oilman,   Claremont,   N.   H. 
1,000,972.       ELECTRO-PNEUMATIC       PHOTO- 
EXPOSURE   APPARATUS.      Karl  W.   Thal- 
HAMMER,  Los  Angeles,  Cal. 

2.  The  combination  in  electro-pneumatic  photo 
exposure  apparatus  of  pneumatic  mechanism  for 
operating  a  camera  shutter,  an  air-tank  provided 
with  an  outlet,  means  to  compress  air  in  the  air- 
tank,  a  tube  leading  from  such  outlet  to  said 
pneumatic  mechanism,  a  valve  to  normally  close 
the  outlet,  and  electro-magnetic  means  to  open 
the  valve. 


AUGUST   22. 
PNEUMATIC  -  DESPATCH 


TUBE 


APPARATUS.     Louis  G.  Bartlett,  East  Som- 

erville,    Mass. 
1,001,012.         PNEUMATICALLY    -    OPERATED 

ROCK-DRILLING       ENGINE.         George       A. 

Fowler,  Denver,   Colo. 
1,001,038.      APPARATUS       FOR        PURIFYING 

AIR.       Friedrich  Georg  Janich,  Rheydt,  near 

Dusseldorf,    Germany. 

1.  An  apparatus  for  the  distribution  of  ozone 
in  the  air  comprising  in  combination  a  fan,  an 
ozonizer  with  discharge  conduit  opening  in  front 
of  the  blades  of  this  fan  and  a  funnel-shaped 
screen  with  closed  bottom  arranged  between  the 
said  blades  and  the  discharge  conduit. 
1,001,040.      AIR-BRAKE  EMERGENCY- VALVE. 

Lee  O.   Johnsonbaugh,   Lebanon,   Ind. 
1,001,084.       SAFETY     SIGNAL     DEVICE     FOR 

FLUID-PRESURE-BRAKE    SYSTEMS.    Wil- 
liam H.  Sauvage,  New  York,  N.  Y. 
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1  (M)I.0!>1.      Alli    -    I'l  L'l'i:i{.       IIakuy    'I'oitruiANI. 

l'liicaK«».    Ill 
l.(Ml|.i;{l*.      AI'I'AliA'ITS     I'Oli    fOMniKSSINC. 

AIK.        IlKKIlKKT    II.     i'KKY.     Dftloil.     MUh. 
l.(tOI.Jl»7-S.  PNIOI'MATIC     HAM.MI-:K.       Kkin- 

H(»M)   A.    Nt>ui.iNti.    Aur«»rM.    III. 
1.00l.:?01.      AIK   OK   (IAS   COMI'KKSSOK       l'.i:u- 

NAi{i>   Katii  Mi'M.L.    Li\»  r|io«)l,    lOiiKiiiml. 
l.(»(M. :*.(>:").  AIK-t'OMI'KIOSSOK.        Kdwaud     A 

Ri\.    Dakliuul.    (\il. 

l,ooi.:;iM>.     LriuucATiNc.    sYS'n':M.      i':i.\vAiti) 

A.    Kl.\.    I'icilmoiit.    Cal. 
I.IHM.:?:"..      I'KOC'IOSS    OF     rKKI'AKIXC.     I'OOD 

PKC^nrcrs.      '1'm(»mas    IOdwauds,    WasliinKton. 

I).   ('. 

1.  .\  iniicf.^^s  for  pri'pariiiK  «).vst«'rs,  clams  or 
siuilai  .slull  tisli  wliii-li  i-oii.sists  in  KriinlinK  them 
ami  plai'iiiK  tlu-  .same  in  a  iu-att'd  n'CfptacIf.  (Iifii 
n.»?italiii>;  tlu'  mass  to  break  it  up  into  small  par- 
tirlt's  antl  at  the  .sanu"  time  forc-inj?  lu-ated  air 
under  pressure  there  throuKh  to  expel  the  mois- 
tuie  thei-efrom  and  ifduee  the  mass  to  a  mushy 
consistem-y.  tlien  subjecting  to  an  (>\aporating 
operation   and    linally    pulverizing   the    mass. 


1.  'I'be  combhiation  with  a  ffenerator.  of  a 
combustion  chambei-  therein  communicating  willi 
tlie  Kenrralor.  a  fuel  receptacle  prolrudiiiK  into 
till-  conduistion  chamber,  means  for-  reKiil;iliiif{ 
the  supply  of  fu<-l  to  the  combustion  chaml>er, 
means  foi-  supplyluw:  the  conduistion  ciiainber 
witli  lluid  fuel  and  air  utuler  pie.ssure,  :ind  meaim 
for  iKuiliuK  tile  lluid  fuel  under  picssure.  sub- 
slantiallv    as    described. 


AUGUS'l' 


::♦. 


l.Odl.r.dC.  Ar'I'OMA'I'K'  I'N'IOl'MATK?  FKIOD 
l«'()K  PrNCH-l'KiOSSlOS.  Conuad  lixuM" 
CAKTNKIt,    Schenecta^lv.    N.    V. 

l,()ttl,r)(;7.  AIK-l'l'MP.  John  J.  McIntyke, 
Hartford,   Conn. 

i,(»(H.s(;!>.     inTMii)ii''viN(;   aim'aka'its  and 

MIOANS    KOK    CONTKOI.LINd    SAMM      Joel 

luviNK    Lyi.,k.    I'laindeld.    N.   J. 

1.  Means  for  lunnidifyinK  and  cooling:  com- 
pressed air  includin><^  means  for  Narying  the 
temperature  of  the  air  as  tlie  pn-ssure  tJiereof 
varii's,   and   compensating   mr'ans   for   proportion- 
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1.001,429.       PNEUMATIC    CONTROL    SYSTEM. 

L.AWREXCE   S.    Nash,    Detroit,    Mich. 

1.  In  an  automobile,  change  speed  and  reverse 
drive  transmission  mechanism,  brakes,  pneu- 
matically operated  means  connected  to  the 
change  speed  and  reverse  mechanisms  and  to 
the  brakes  for  throwing  said  mechanisms  into 
action  and  for  applying  the  brakes,  and  man- 
ually operable  means  for  admitting  air  selec- 
tively to  said  pneumatically  operated  means 
adapted  to  automatically  set  the  brake  applying 
mechanism  into  action  by  admitting  air  thereto 
when  shifting  the  air  supply  from  the  change 
speed  to  the  reverse  drive  mechanisms. 
1,00], 564.  ATTACHMENT  FOR  COTTON- 
GINS.      James   L.    Standard,   Hamburg,   Ark. 

1.  In  a  device  of  the  kind  described  the  combi- 
nation with  a  plurality  of  seed  boxes  of  a  plu- 
rality of  valves  one  of  each  arranged  immediate- 
ly below  a  respective  seed  box,  and  a  pair  of 
blow  pipes  adjacent  each  other  arranged  below 
each  of  said  valves  and  in  communication  there- 
with, said  valves  adapted  to  direct  the  seed  into 
one  or  the  other  of  said  blow  pipes  and  means 
to -direct  a  current  of  air  into  one  or  the  other  of 
said  blow  pipes,  substantially  as  shown  and  de- 
scribed. 
1,001,591-2.      APPARATUS  FOR  GENERATING 

MOTIVE  FLUID.     George  B.   Hates,   Denver, 

Colo. 


ing  between  the  temperature  and  pressure  varia- 
tions   to    maintain    a    constant   weight    ratio    be- 
tween the  moisture  and  air. 
1,001,903.  ROCK-CUTTING        APPARATUS. 

Robert  Temple,   Denver,  Colo. 
1,001,923.      PNEUMATIC       FOR       AUTOMATIC 

PIANOS.     William  G.  Betz,  Steger,  111. 
1,001,942-3-4.         PNEUMATIC    DOOR-OPERAT- 
1,001,985.        AIR-BRAKE-RELEASE      DEVICE. 

Alex  "Woods  Rollings,   Montgomery,  Ala. 

ING   MECHANISM.      Paris   R.   Forman,   Chi- 
cago, 111. 
1,001,988.  CUSHION        MECHANISM        FOR 

PNEUMATIC      DOOR-CONTROL     DEVICES. 

Harold  Rowntree,   Chicago,   111. 
1,002,017.        VACUUM      STOCK     THICKENING 

AND  WASHING  MACHINE.     Thomas  Edwin 

Warren,   Ticonderoga,   N.   "5f. 
1,002,03  5.  AUTOMOBILE     AIR-PUMP.       An- 

toine  M.  Clement,  New  York,  N.  Y. 

1,002,075.  VACUUM-PUMP  AND  CLEANING 
APPARATUS.  Leal  L.  Montgomery,  Super- 
ior, Wis. 

1,002,195.  PNEUMATIC  DOOR-OPERATING 
MECHANISM.  Thomas  R.  Brown,  New 
York,  N.  Y. 

1,002,088.  FURNACE-DOOR  OPENER  AND 
CLOSER.  Thomas  E.  Smtthe,  Bellefontaine, 
Ohio. 
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FIG.   I.      GENERAL  VIEW     OF  CHANNEL  WORK   IN   THE  HUDSON   NEAR   MECHANICVILLE. 


SPECIAL  DEEP-HOLE    DRILLS    AND 
WORK  ON   THE  BARGE  CANAL 

By  Lucius  I.  Wightman.* 

In  these  drills,  called  "autotraction  drills,'* 
the  drill  truck  or  carriage  consists  of  a  heavy 
timber  frame  mounted  on  flanged  steel  wheels 
running  on  a  track  of  wide  gage.  Chain-and- 
sprocket  and  gear  drive  between  the  forward 


*29  Broadway,  N.  Y.  City. 


truck  wheels,  and  an  independent  reversing 
engine  on  the  rear  of  the  frame,  provide  for 
the  movement  of  the  machine  along  its  track 
from  hole  to  hole.  Over  the  forward  wheels 
is  a  turntable  about  8  ft.  in  diameter,  which 
is  rotated  by  means  of  a  hand  crank  operat- 
ing a  pinion  and  outside  gear  on  the  circum- 
ference of  the  turntable.  Clamping  screws 
lock  the  turntable  in  any  position  desired. 
Built  up  on  the  turntable  is  the  drill  mount- 
ing  or    frame,    of    steel    angles    and    channels 
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riKitlly  braced.  The  base  of  this  frame,  madr 
of  \\\o  cbaniul  inms.  extends  forward  beyond 
the  turntable  al)ont  .^  ft.,  and  carries  a  hea\  \ 
jack-screw  which  is  run  down  to  a  block  on 
the  j^round.  ^ivinj^  rigidity  to  the  drill  rii^ 
when  at  work.  The  vertical  numbers  of  the 
franu-  are  clianml  irons  wliicli  serve  as 
guides  for  a  lKa\>'  cast-iron  block  to  which 
the  drill  piopir  is  bolted;  and  this  block  is 
raised  or  lowereil.  with  the  drill,  by  means 
of  steel  cabUs  |)a>sinn  over  >lu'a\es  at  the 
lu-ad  oi  the  frame  to  a  drum  below  }4:eared 
to  a  small  reversing  engine.  In  the  particu- 
lar ilrilU  here  described,  the  weight,  with  the 
drill,  has  an  up-and-down  travel  of  about 
Id  ft.  I  Iun  traxel  or  length  of  feed  can  be 
altereii.  when  a  machine  is  built,  to  suit  the 
conditions  under  which  it  is  to  (Operate.  In 
the  present  case  it  was  necessary  to  provide 
only  for  holes  12  to  15  ft.  deep. 

The  drill  proper  is  a  standard  Tngersoll- 
Rand  rock-drill,  of  "H-6r'  submarine  type. 
Its  cylinder  diameter  is  sV^  "is.,  the  stroke  8 
ins.  At  /=,  lbs.  pressure  it  has  a  speed  of 
about  250  blows  per  min.  The  machine  has 
the  standard  features  of  "Sergeant"'  release 
rotation,  cushion  back-head  spring,  and 
U-bolt  chuck.  Air  is  supplied  through  a 
length  of  hose  leading  to  a  throttle  valve 
placed  within  easy  reach  of  the  operator's 
hand,  close  to  the  lever  controlling  the  feed 
engine.  The  drill  and  frame  are  so  placed 
on  the  turntable  that  when  the  turntable  is 
resolved  the  steel  describes  the  arc  of  a 
circle  10  ft.  in  diameter,  swinging  to  both 
sides  of  the  machine. 

A  small  water  pipe  about  15  ft.  long,  with 
a  hose  connection,  is  swung  from  a  block- 
and-tackle  at  the  head  of  the  frame,  and 
gradually  fed  downward  into  the  hole,  as  the 
steel  descends.  In  the  Barge  Canal  work, 
water  at  20  lbs.  pressure  is  piped  all  over 
the  ground,  and  the  drill  pipe  takes  its  sup- 
ply from  these  mains.  But  a  small  direct- 
acting  pump  is  mounted  on  the  truck,  by 
means  of  which  water  cat)  be  drawn  from  any 
pool  or  other  source  at  hand  and  forced 
through  the  water  pipe  into  the  hole.  Com- 
pressed air  for  the  drill  and  engines  is  taken 
from   air  mains,   laid   over  the   work.   , 

The  work  on  wdiich  these  drills  are  en- 
gaged is  in  Sections  68  to  ;i2  of  the  New 
York  State  Barge  Canal,  on  the  Champlain 
Branch,    running    northward    in    the    Hudson 


\'alUy  from  Troy  through  Watcrford,  Mc- 
chanicville  and  .Stillwater.  The  contract  at 
Water fcird  is  in  the  hands  of  the  Merion 
Construction  Co.  Tlie  ShanJey-Morrisscy 
("n..  Inc.,  is  the  contractor  for  the  divisionfi 
at  Mcchanicvillc  and  Stillwater.  The  canal 
C(»nst ruction  in  these  sections  consists  in  the 
deepening  of  a  portion  of  the  Hudson  River 
channel  to  form  a  waterway  for  barge  traffic 
j(K)   ft.   wide  and    12   ft.   deep  in  the  clear. 

In  the  greater  i)art  of  these  sections,  ex- 
cavation has  been  carried  on  by  a  method 
calling  for  the  construction  of  cofferdams 
shutting  off  portions  of  the  river  channel, 
the  space  within  being  pumped  out  by  cen- 
trifugal pumps.  These  portions  vary  from 
a  quarter  of  a  mile  up  to  a  mile  in  length, 
and  in  many  cases  the  cofferdams  extend 
from  the  shore  to  islands  in  mid-channel. 
The  exposed  river  bed  is  removed  to  the 
proper  depth  and  width  by  drilling  and  blast- 
ing, loading  the  muck  by  steam  shovel,  and 
hauling  away  the  waste  in  dump-car  trains 
by  steam  locomotives.  In  some  places  this 
method  could  not  be  applied,  and  the  river 
bed  has  been  drilled  and  blasted  and  dredged 
on  to  barges,  by  means  of  a  combined  sub- 
marine drill  scow  and  dipper  dredge.  The 
completed  work  wnll  afford  a  clear  channel 
paralleling  the  river,  adapted  to  the  heavy- 
draft  vessels  contemplated  for  the  Barge 
Canal  service.  At  Stillwater  a  tying-up  basin 
or  harbor  is  being  excavated  between  two 
islands,  beside  the  canal  channel. 

The  rock  encountered  in  these  sections  is 
a  black  Hudson  shale,  hard  and  brittle  in  its 
bed  but  crumbling  under  the  atmospheric  ac- 
tion when  exposed.  It  lies  at  an  acute  angle 
so  that  the  river  bottom,  when  exposed,  pre- 
sents a  jagged,  hummocky  appearance  with 
a  surface  so  rough  and  irregular  as  to  make 
transportation  of  any  kind  over  it  impossi- 
ble without  laying  track  or  building  road- 
ways. 

At  the  time  of  the  writer's  visit  to  the 
work,  drilling  operations  were  temporarily 
suspended  on  all  sections  except  one  at  Still- 
water. Between  Mechanicville  and  Water- 
ford,  the  bursting  of  a  cofferdam  had  flood- 
ed the  bed  and  forced  the  removal  of  all 
drills  and  steam  shovels,  while  the  dam  was 
being  repaired  and  the  water  pumped  out.  At 
Stillwater,  below  one  of  the  completed  locks, 
there    were    in    operation    two    of    the    auto- 
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FIG.   2.     TWO  AUTOTRACTION   DRILLS   AT   WORK. 


traction  drills,  two  steam  shovels,  and  one 
well  drill.  At  this  point  the  antotraction 
drills  were  working  on  the  bench  about  100 
yds.  ahead  of  the  shovel.  They  were  running 
on  a  single  track,  one  about  50  ft.  ahead  of 
the  other.  The  working  gang  consisted  of  a 
drill  runner  and  two  helpers  for  each  ma- 
chine, with  two  or  three  extra  men  for  lay- 
ing track  ahead. 

The  method  of  operation  may  be  briefly 
defined  as  follows :  The  turntable  of  each 
drill  is  swung  with  the  drill  frame  at  right 
angles  to  the  track;  the  jack-screw  is  set 
and  a  hole  is  drilled.  The  steel  is  with- 
drawn, the  turntable  swung  until  the  frame 
is    parallel    to    the    track    and    another    hole 


drilled  midway  between  the  rails.  The  turn- 
table is  then  swung  to  the  opposite  side  and 
the  third  hole  drilled.  Thus  three  holes 
are  put  down  from  each  position  of  the  ma- 
chine, two  on  a  line  at  right  angles  to  the 
track,  10  ft.  apart,  and  one  5  ft.  in  advance 
of  the  others  and  on  a  line  midway  between 
them.  The  drill  is  then  moved  forward  on 
its  track  5  ft,  bringing  the  center  of  the  turn- 
table over  the  last  hole  between  the  rails, 
and  three  more  holes  are  drilled  in  the  same 
arrangement.  When  the  following  drill  has 
caught  up  with  the  first  holes  of  the  leading 
drill,  both  are  moved  forward  50  ft.  and 
started  anew.  This  gives  a  triple  row  of 
holes   5   ft.   on   centers   each   way.     When  the 
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lurdcd  kiij^lh  lias  been  covered,  drills  and 
track  are  moved  and  another  triple  row  of 
holes  paralleling?  the  first  is  put  down.  The 
steel  used  is  solid,.  2  ins.  in  diameter,  15  ft. 
lonp,  terminating'  in  a  4-in.  cross  hit.  it 
makes  a  4-in.  hole  12  to  15  ft.  deep  as  re- 
i|uiro(l.  The  water  jet  in  the  hole  flushes  out 
the  cuttings  ami  ,i>ives  the  hit  a  clear  face  to 
work  upon. 

One  hole  was  timed  and  was  jjut  in  15  ft. 
deep  in  u  niiii.  The  drill- runner  stated  that 
his  regular  performance  with  his  machine 
was  from  lOo  to  200  ft.  of  4-in.  hole  per  8-hr. 
shift.  The  best  record  on  the  work,  under 
test  conditions,  was  105  ft.  of  4-in.  hole  drill- 
ed in  4  hrs. 

In  operation,  the  drill-runner  stands  on  the 
turntable,  with  the  throttle  valve  and  feed 
engine  lever  before  him.  The  hole  is  started 
on  short  stroke  in  the  usual  way.  The  run- 
ner watches  the  drills  and  feeds  the  weight, 
with  its  drill,  downward  just  enough  to  give 
full  stroke  without  striking  the  heads.  The 
weight  of  the  cast-iron  block  absorbs  the  re- 
coil of  the  drill.  One  man  tends  the  water 
jet,  lowering  the  pipe  with  the  steel.  The 
third  man  keeps  the  mouth  of  the  hole  clear, 
watches  the  jack-screws,  and  otherwise  as- 
sists. As  soon  as  a  hole  is  finished,  a  wood 
plug  is  dropped  in  to  keep  it  clear  until  ready 
for   loading. 

It  will  be  observed  that  the  15-ft.  hole  is 
put  down  without  change  of  steel,  and  three 
holes  are  drilled  from  a  set-up.  The  number 
of  holes  which  can  be  drilled  with  a  steel 
varies  with  the  tempering  the  smith  has  put 
in  the  bit.  A  poor  bit  may  last  only  one  hole. 
Well  tempered  steels  will  put  in  seven  or 
eight  holes.  The  average  was  three  or  four 
holes  drilled  per  steel.  The  trouble  is  less 
in  the  dulling  of  the  steel  than  in  its  loss  of 
gage,  so  that  later  holes  are  of  smaller  dia- 
meter. This  emphasizes  the  importance  of 
careful  attention  to  the  smith  shop  when 
rapid,    economical    drilling   is    sought. 

The  view  of  Fig.  2  shows  standard  tripod 
drills  working  near  the  autotraction  drills. 
A  large  number  of  these  are  employed  on 
portions  of  the  work.  They  are  of  the  '"'Ser- 
geant  F-24"  type,  with  3'^A-in.  cylinders,  and 
in  the  illustration  are  putting  down  15-ft. 
holes.  But  they  suffer  under  the  handicap  of 
steel-changing  and  loss  of  time  in  m.oving. 
which  limits  the  tripod  drill;  and  it  has  been 


found  that  one  autotraction  drill  does  the 
same  work  per  day  as  seven  of  the  tripod 
drills.  .\  well  drill  machine  working  nearby 
was  averaging  80  to  85  ft.  of  4-in.  hole  per 
day.  It  was  the  only  machine  of  the  type 
on  the   work. 

While  the  performance  of  the  autotraction 
drills  has  been  eminently  satisfactory,  it  is 
believed  that  better  results  still  we  be  se- 
cured by  the  adoption  of  the  Locher  pump 
drill-steel. 

Mr.  C.  H.  Locher,  of  Thorice,  Michigan, 
who  invented  this  steel,  is  also  the  pioneer  in 
the  development  of  the  deep-hole  drilling  ma- 
chine of  the  general  type  here  described.  On 
the  work  of  the  contracting  firm  of  Grant, 
Smith  &  Co.  &  Locher  on  the  Livingston 
Channel  of  the  Detroit  River,  he  devised  an 
autotraction  drill  capable  of  putting  down  a 
5-in.  hole  50  ft.  deep  at  a  rate  far  better  than 
au}^  realized  up  to  that  time.*  This  machine 
was  of  course  experimental  and  somewhat 
crude,  requiring  changes  of  steel  every  8  ft., 
but  it  contained  the  proper  idea,  and  Mr. 
Locher  has  developed  it  through  successive 
models  to  now^  show  remarkable  speed  and 
efficiency.  The  inventor's  later  work  was  car- 
ried on  in  connection  with  the  Ingersoll- 
Rand  Co.,  and  the  perfected  auto-drills  just 
described  were  produced  under  collaboration 
of  Mr.  Locher  and  the  company's  engineers, 
the  inventor  having  licensed  the  company  un- 
der his  patents. 

The  Shanley-Morrissey  Co.  has  eight  of 
these  autotraction  drills  on  their  work  at 
Mechanicville  and  Stillwater,  and  four  ad- 
ditional machines  are  on  order.  The  Merion 
Construction  Co.,  at  Waterford,  use  one  au- 
totraction drill. 

It  is  to  be  understood  that  the  machines 
here  described  were  specially  designed  and 
built  for  these  local  conditions.  These  drills 
can  be  made  for  all  classes  of  work.  The 
depth  and  diameter  of  hole,  character  of 
rock  to  be  drilled,  spacing  of  holes,  etc.,  all 
have  vital  bearing  upon  some  features  of 
construction.  They  may  carry  an  air  reheat- 
er,  or  be  fitted  with  a  steam  boiler  where  nec- 
essary. The  general  design  and  method  of 
operation,  however,  are  as  here  described,  in  all 
the   autotraction   drills   built  by  the   Ingersoll- 


*See    a    description    by   Frank    Richards    in 
Compressed  Air    Magazine,  Jan.,   1910. 
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Rand  Co.  Patents  are  either  issued  or  pend- 
ing on  the  essential  features  of  these  ma- 
chines, in  favor  of  that  company.  Several 
deep-hole  autotraction  drills  of  this  general 
type  have  been  built  for  Mr.  Locher's  own 
work,  and  are  in  operation  at  Gross  Isle. 
Others  are  on  order  for  use  on  some  sec- 
tions of  the  Catskill  Aqueduct  of  the  New 
York  Water  Supply,  and  on  the  Barge  Canal. 


MINE    VENTILATION   ON  THE    RAND 

By  Frederick  H.  Hatch. 

In  the  early  days  of  the  Rand,  and,  in- 
deed, up  to  quite  recently,  it  was  not  found 
necessary  to  employ  any  artificial  system  of 
ventilation,  the  numerous  shafts  and  outlets 
to  the  surface  of  the  outcrop  mines  having 
sufficed  to  maintain  an  ample  supply  of  fresh 
air.  But  with  deeper  levels  (the  Village  Deep 
mine  is  already  working  at  a  vertical  depth  of 
4,000  ft.),  fewer  communications  with  the 
surface,  and  an  increased  rock  temperature, 
artificial  ventilation  is  destined  to  play  an  in- 
creasingly important  part.  Stuart  Martin 
gives  it  as  his  opinion  that  it  will  be  impos- 
sible to  work  the  deep  levels  economically 
without  carefully  thought-out  schemes  of  ven- 
tilation ;  and  that  for  the  success  of  these,  it 
will  be  necessary  to  have  shafts  with  small 
frictional  resistance  and  large  air  space,  and 
to  carry  the  air  current  through  special  ven- 
tilating roads. 

The  quantity  of  pure  air  to  be  supplied  per 
minute,  per  man  employed  underground  is 
fixed  by  law  at  70  cu.  ft.  This  being  a  stand- 
ard difficult  to  enforce,  the  South  African 
Mining  Regulations  Commission,  whose  report 
was  published  in  1910,  prosposes  as  a  substi- 
tue,  the  quality  standard,  based  on  a  maxi- 
mum of  20  parts  by  volume  of  carbon  dioxide 
per  10,000  parts  of  air.  Of  this,  four  parts 
is  an  allowance  for  the  COo  normally  present 
in  the  atmosphere ;  three  parts  are  allowed 
for  the  CO2  produced  by  the  burning  of  can- 
dles, and  there  is  a  further  allowance  of  five 
parts  for  the  CO2  possibly  given  off  from 
the  country  rock,  leaving  eight  parts  per  10,- 
000  as  a  legal  limit  for  the  noxious  COo  due 
to  the  vitiation  of  the  air  by  blasting,  human 
emanations,  etc.  Under  the  proposed  regu- 
lations provision  is  to  be  made  at  each  mine 
for  a  permanently  up-cast  and  a  permanently 
downcast    shaft,    by    the    use    of    ventilating 


fans,  or  otherwise ;  and  the  current  of  fresh 
air  so  produced  is  to  be  split  by  regulating 
doors  at  every  level  where  work  is  carried  on, 
in  proportion  to  its  requirements.  Further, 
the  courses  of  pure  supply  and  foul  return  are 
to  be  kept  distinct  by  bratticing,  and  short  cir- 
cuiting is  to  be  prevented  by  stopping  disused 
drives,  stopes,  etc. 

The  ventilation  problem  has  already  been 
seriously  attacked  on  the  Rand,  and  already 
ventilating  fans,  varying  in  capacity  from 
50,000  cu.  ft.  per  min.,  at  i-in.  water  gage,  to 
250,000  cu.  ft.,  at  4-m.  water  gage,  have  been 
installed  at  the  East  Rand  Proprietary  mines, 
at  the  Simmer  Deep,  at  the  Village  Deep,  at 
the  Langlaagte  Royal  Shaft  of  the  Crown 
mines,  and  at  several  other  mines  of  the 
Eckstein  Rand  mines  group.  In  splitting  the 
air  current  the  numerous  dikes  of  igneous 
rock  that  traverse  the  Witwatersrand  mines 
in  a  north  and  south  direction  (i.  e.,  across 
the  strike)  can  be  made  to  serve  as  nat- 
ural brattices,  since  they  cut  up  the  mines  into 
air-tight  compartments.  The  levels  that  pene- 
trate these  dikes  must  be  permanently  closed, 
or,  if  used  for  tramming,  closed  by  double 
swinging   doors. 

The  ventilation  of  the  mines  is  hampered  by 
the  small  air  space  and  large  frictional  resist- 
ance of  the  rectangular  timbered  shafts  at 
present  in  use  on  the  Rand.  For  this  reason 
many  of  the  deeper  shafts  of  the  future  will, 
no  doubt,  be  of  the  circular  type,  with  either 
brick  or  concrete  lining,  as  is  the  common 
practice  in  the  collieries  of  South  Africa.  Al- 
ready a  large  circular  shaft  is  being  sunk  at 
the   New  Modderfontein  mine. 

Main  levels  and  underground  inclined  shafts 
will  also  be  driven  in  the  foot  wall.  These 
will  serve  as  intakes  for  the  air  current,  and, 
being  in  solid  ground,  will  reduce  the  loss  of 
air  •by  short-circuiting  to  a  minimum.  Since 
these  main  ventilating  roads,  instead  of  fol- 
lowing the  regular  course  of  the  reef  plane, 
are  driven  straight,  they  will  be  admirably 
adapted  for  cheap  mechanical  transport. 


When  the  foundations  of  a  New  York 
skyscraper  are  completed  and  the  erecting  of 
the  steel  skeleton  is  about  to  begin  the  fact  is 
indicated  by  a  change  in  the  color  of  the  der- 
ricks. At  the  Woolworth  building,  which  is 
to  make  a  new  record  for  height,  the  derricks 
have  changed  from  green  to  orange. 
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BOTTOM    HKADING   DRIVING  ONTHK 

HUNTER   BROOK   TUNNEL 

By  Arnold  Bkckkk,  K.  M.* 

Because  of  the  very  notable  success 
achieved  h\  the  builders  of  the  L(K*tschber>; 
tunnel,  in  Swit/erhmd,  nuich  has  been  writ- 
ten of  hue  concerning  tlio  niethiuls  used  by 
them.  Mr.  W.  L.  Saunders  and  Mr.  lui^jenc 
Lauchli,  particuhirly,  have  contributed  vahi- 
able  and  highly  instructive  pai)ers  on  thi-; 
subject,  and  they  have  been  ably  answered  by 
advocates  of  the  more  ordinary  tunnel 
method.  The  discussion  has  lacked  a  certain 
definiteness,  however,  because  the  compari- 
son has  been  between  Swiss  and  American 
tunnels,  driven  by  the  new  and  the  old  meth- 
ods respectively,  and  in  countries  where  the 
costs  of  labor,  material,  power  and  all  things 
that  go  to  make  up  the  grand  total  of  costs 
in  such  enterprises  differ  so  widely  that  an 
intelligent   comparison   is    difficult. 

It  is  my  purpose  herein  to  give  facts  and 
figures  concerning  the  Hunter  Brook  tunnel 
of  the  Catskill  Aqueduct,  now  being  com- 
pleted for  the  city  of  New  York  by  the  Glyn- 
don  Contracting  Company,  at  Yorktown 
Heights.  N.  Y.  This  tunnel  is  6150  ft.  long. 
276  sq.  ft.  (minimum)  cross-section  and  has, 
except  for  the  first  few  hundred  feet,  been 
driven  by  a  method  that  is  similar  in  the  chief 
essentials  to  that  used  in  the  Swiss  tunnels. 
As  all  records  of  cost  have  been  most  ex- 
actly tabulated  for  seven  months  past,  it  is 
possible  to  show  definitely  the  economies  of 
the  method  in  this  country  and  to  state  the 
reasons  therefor.  The  change  in  method  has 
resulted  in  a  reduction  of  labor  cost  from 
$6.63  to  $2.55  per  cubic  yard,  and  an  increase 
of  average  progress  from  126.5  ft.  to  270.5  ft. 
of  completed  tunnel  per  month.  This  rock  is 
mica  schist  and  hard,  close  grained  gneiss. 
The  faulting  is  complicated  and  in  places 
the  ground  is  very  treacherous  and  difficult 
to  drive  through,  as  described  in  an  earlier 
issue  of  the  Engineering  Record. 

THE     MINING     METHOD     OF     TUNNELING. 

As  a  preliminary,  it  should  be  pertinent  to 
point  out  the  reason  for  the  wide  differences 
of  opinion  as  to  this  so-called  Alpine  method, 
which  is  really  a  mining  method.  It  is  a  curi- 
ous thing  that  such  great  underground  works 
as   railway  tunnels,   whole    series   of   aqueduct 


*President    Glyndon    Contracting    Company. 


huukU  and  subwa>  systems  costing  scores  of 
iniilioiis  should  ha\e  been  built  by  various 
.id.ipi.itioiis  of  surface  methods  which  have 
been  uneconomical  .iiid  usually  very  slow; 
while  mining  methods,  the  results  of  many 
centuries  of  c\oIution  toward  the  truest 
ro)Uoui\  in  un(lcrgi"V»in)(l  excava|tion,  have 
been  ignored  except  in  the  most  recent  Swiss 
tunnels  and  in  two  a(|ue(luct  tunnels  in  this 
country  ( Hunter  l')rook  and  Elizabeth  Lake) 
now  under  construction.  Undoubtedly  the 
reason  is  that  such  works  have  usually  been 
parts  of  larger  surface  systems  that  have  fal- 
len to  the  lot  of  surface  men  to  build.  The 
result  is  that  there  are  two  ab.solutely  opposed 
methods  of  underground  excavation ;  the  one 
directly  exolved  from  surface  methods  and 
almost  universally  used  for  large  tunnels  and 
subways,  which  is  unnecessarily  costly;  the 
other  a  purely  underground  method,  developed 
in  the  metal  mines  through  many  generations 
of  labor-saving  and  cost-saving  effort. 

The  essential  difference  lies  in  the  use  or 
neglect  of  gravitation  as  a  force.  The  sur- 
face man  habitually  excavates  from  the  top 
downw^ard.  This  is  the  natural  and  proper 
thing  to  do  in  outdoor  work.  The  Arneri- 
can  tunnel  man  has  taken  this  inherited  prin- 
ciple underground,  wherefore  he  excavates 
his  top  heading  first  and  then  digs  down  to 
grade  (Fig.  i).  All  of  the  excavated  ma- 
terial must,  by  this  method,  be  shoveled  into 
cars,  which  is  a  misuse  of  the  force  of  grav- 
itation, in  that  this  force  is  made  to  w'ork 
against   the   operation    instead   of   for    it. 

The  miner,  whose  business  it  is  to  exca- 
vate ore  bodies  w^hich  almost  always  exceed 
in  depth  and  very  often  exceed  in  width  and 
length  the  greatest  tunnel  ever  driven,  al- 
ways gets  below  the  ore  to  be  excavated  with 
the  smallest  workings  possible,  ordinarily  a 
shaft  and  a  series  of  levels  that  are  100  ft. 
or  more  apart,  and  then  excavates  or  stopes 
upward,  from  level  to  level,  dropping  the 
ore  through  loading  pockets  and  chutes  into 
cars  for  transport  to  the  surface.  The  stopes 
usually  represent  over  90  per  cent,  of  the 
total  excavation  in  a  successful  mine  and 
shovels  are  unknow^n  in  them  unless  the  vein 
be  too  flat  for  the  ore  to  run.  The  greatest 
item  of  labor,  the  actual  handling  of  the- ore. 
is  thus  avoided  by  a  proper  use  of  the  force 
of  gravitation. 

A  miner,  when  called  upon  to  drive  a  tun- 
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nel  of  large  cross-section,  instinctively  drives 
a  bottom  heading  on  grade  and,  by  the  use 
of  simple  devices,  stopes  out  the  top,  hand- 
ling the  excavated  material  into  cars  by 
gravity  By  application  of  this  and  other 
mining  methods  it  is  not  only  possible  to 
handle  over  50  per  cent  .of  the  excavated  ma- 
terial at  minimum  cost  but  to  increase  speed 
far  beyond  anything  that  has  been  accom- 
plished by  the  ordinary  method.  In  the  case 
of  subways  the  application  of  well-tried  prin- 
ciples of  lode  mining  should  be  even  more  im- 
portant, not  only  for  the  economy  in  actual 
excavation  but  because,  in  very  many  cases, 
all  tearing  up  and  relaying  of  streets,  inter- 
fering with  traffic,  disturbance  of  water  and 
^as    mains    and    endangering    of    foundations 


tunnel  had  been  driven  677  ft.  and  the  south 
tunnel  716  ft.,  the  average  progress  having 
been  84  ft.  and  126.5  ft.  a  month  respectively. 
Th  problem  was  to  complete  the  tunnel 
within  the  contract  price  and  without  adding 
more  in  the  way  of  equipment  than  could  be 
helped.  Economy  rather  than  speed  was  the 
requirement.  Also,  there  were  5295  lin.  ft. 
of  outside  concrete  conduit  to  be  built,  re- 
quiring 25.000  cu.  yd.  of  crushed  rock,  the 
only  source  of  supply  for  which  was  the 
south  tunnel,  and  months  of  preparatory 
work  were  needed  before  this  outside  con- 
duit could  be  started.  It  was  apparent  that  if 
the  south  tunnel  were  completed  ahead  of 
the  outside  conduit  we  should  have  to  re- 
handle  our  concrete   rock  at  considerable  ex- 


Fig.  2.— Bottom  Heading  and  Slope  Method,  Showing  Multiplication  of  Stopes. 


could  be  avoided  and  the  great  expense  of 
these  factors  in  the  ordinary  method  of  sub- 
way building  saved,  without  sacrifice  of  speed 
or  economy  of  construction.  Subway  build- 
ing by  the  open-cut  method  involves,  in  the 
initial  stages,  destruction  of  valuable  prop- 
erty which  must  be  replaced.  This  is  seem- 
ingly unavoidable  where  the  proposed  sub- 
way is  so  close  to  a  street  surface  that  mains 
and  conduits  (other  than  sewers)  occupy  any 
part    of    the    space    actually    required    for    the       the    sides.      This    permitted    only   one    link   of 


pense.  Therefore  the  tunnels  were  run  with 
two  8-hour  drilling  shifts  only  and  three 
small  mucking  shifts ;  and  for  the  same  rea- 
son the  north  tunnel  was  closed  down  on 
April  15  last.  1956  ft.  from  the  portal.  The 
south  tunnel  will  hole  through  in  October, 
1911. 

The  first  method  tried  was  to  drive  a  bot- 
tom heading  on  grade  8  ft.  wide  and  9  ft. 
high ;    then    to    stope    in    the    top    and    finally 


subway,  its  walls  and  roof;  but,  with  this  ex- 
ception, the  work  could  be  done  by  mining 
methods,  and  a  serious  economic  waste 
avoided. 

BEGAN    IN    THE   OLD    WAY. 

The  Hunter  Brook  tunnel  was  started  at 
the  north  portal  on  October  6,  1909,  and  at 
the  south  portal  on  December  15,  of  the  same 
year.  The  top  heading  and  bench  method 
(Fig.  i)  was  used  with  heavy  loss.  I  was 
called  in  consultation  late  in  May,  1910.  and 
a  few  days  later  was  retained  as  chief  en- 
gineer and  manager.     At  that  time  the  north 


track  in  the  heading,  as  all  cars  were  36-in. 
gauge.  As  we  had  to  rely  on  mule  haulage 
we  were  unable  to  take  away  the  muck  fast 
enough  on  one  track.  It  became  necessary 
to  use  two  tracks  and  consequently  to  widen 
the  heading,  which  was.  thereafter,  driven 
full  width,  15  ft.,  a  procedure  which  was  un- 
avoidable in  this  case,  but  which  would  not 
be  advisable  where  proper  equipment  and  elec- 
tric haulage  for  a  small  heading  could  be 
provided. 

BOTTOM    HEADING. 

The  bottom   heading    (Fig.  2)    is  driven  on 
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gratk'.  willi  four  IiiRorsoll-Rand  3.5-in.  drills 
mountfil  on  two  columns.  The  round  vari('^ 
from  i(>  to  28  holes,  according  to  the  rock. 
Cut  hok's  and  lifters  are  driven  hetween  6 
and  7  ft.,  and  breakers  5  ft.  Steel  sliek- 
sheets  are  laid  from  the  breast  for  at  least 
20  ft.  hack  before  blasting.  The  round  is 
shot  with  (K)  per  cent,  forcite  and  invariably 
with  fuses  and  caps,  in  rotation.  By  this 
method  the  holes  almost  always  break  to 
bottom,  which  they  do  not  do  with  battery 
shooting. 

Immediately,  after  the  bla>t  four  picked 
muckers  muck  back  the  heading  They  work 
a  split  shift  and  are  paid  from  $2.50  to  $3.00 
per  day.  They  get  a  bonus  for  quick  work 
and  go  home  as  soon  as  the  heading  is 
cleared  for  the  drill  columns.  They  usually 
do  this  in  three  hours,  making  their  actual 
working  day  six  hours.  With  the  heading 
cleared  twice  a  day,  in  this  way.  the  drill  shifts 
easily  set  up,  drill  and  shoot  their  rounds 
within  the  eight  hours  allowed  each  of  them. 
The  regular  mucking  gangs,  shoveling  off 
slick-sheets,  usually  finish  ahead  of  time  and 
then  lay  track  and  extend  pipes  for  the  next 
shift. 

The  powder  consumed  averages  7.5  lb.  per 
cubic  yard  in  the  bottom  heading.  The  rock 
is  very  tough,  but,  owing  to  the  method  of 
shooting  and  the  quantity  of  powder  used,  is 
broken  fine  enough  to  be  easily  shoveled — 
though  the  same  rock,  when  broken  from  a 
bench,  is  so  blocky  as  to  require  handling  by 
power  into  cars.  An  effort  was  made  to  cut 
down  the  quantity  of  powder  used,  but  this 
soon  proved  to  be  a  false  economy.  The 
muck  broke  larger  and  more  labor  was  re- 
quired to  handle  it. 

The  regular  heading  drilling  shifts  are  each 
made  up  of 

I  shift   boss,   at $5.00 

4  drill    runners,    at 3.^-^0 

4  helpers,    at    2 .  25 

I  nipper,    at     2.00 

The  regular  mucking  shift>  are  each  made 
up  of 

I  muck  boss,  at   $3  •  50 

8  muckers,   at    2 .  00 

The  five  months  from  March  15  to  August 
15,    1911,    afford    representative    figures;    the 


tunnel  was  shut  down  during  the  winter  and 
I  hi  force  was  not  fully  reorganized  until  early 
ii)  .March.  During  these  five  months  there 
wkw  e.xcavated  from  the  bottom  heading  of 
tiic  south  Ihuiter  Brook  tunnel  6<;i6.685  cu. 
wi.  at  a  total  labor  cost,  including  blacksmith- 
ii  g.  but  not  including  haulage,  of  $23,476.86, 
or  $3.40  i)er  yard.  From  July  15  to  August 
15.  iQii.  bottom  heading  progress  was  289  ft., 
at  a  total  labor  cost  of  $3.29  per  cubic  yard. 
(overhead  charges,  power  and  haulage  are  not 
included  in  the  above,  as  these  items  vary  with 
each  locality.  The  salaries  of  the  tunnel  su- 
perintendent and  the  night  superintendent  arc 
carried  in  overhead. 

TOP  HE.ADING  OK  STOPE. 

.\.  timber  gang,  consisting  of  a  foreman, 
two  timbermen  and  two  .helpers,  working  on 
(la\-  shift  onh',  puts  up  the  temporary  sets  re- 
quired for  the  stope  (Fig.  3).  These  are  of 
ioxi2-in.  posts  with  12-in.  round  caps,  placed 
at  3-ft.  centers  and  heavily  lagged  over  the 
top.  A  gap  of  30  in.  in  the  first  layer  of  lag- 
ging is  left  continuously  above  each  track,  and 
this  is  covered  by  short  cross-lagging,  which 
can  be  removed,  piece  by  piece,  with  a  pinch 
bar,  whereby  the  stope  muck  pile  is  .caved 
progressively  into  cars. 

The  top  of  the  temporary  platform,  so  pro- 
vided, is  7.5  ft.  above  the  tunnel  floor.  The 
bottom  heading  having  been  driven  9.25  ft. 
high,  there  is  left  a  free  space  of  21  in.  above 
the  temporary  timbering  to  break  to.  This 
space  is  necessary  for  the  success  of  the  oper- 
ation. Without  it  the  timbers  would  be 
broken  by.  blasts  above,  and  the  only  alterna- 
tive w'ould  be  to  adopt  the  underhand  stoping 
method  of  the  Simplon  and  Loetschberg  tun- 
nels, which  is  more  costly.  No  timbers  have 
been  broken  in  the  Hunter  Brook  tunnel  since 
round  caps  w^ere  substituted  for  square  ones 
last  winter. 

In  the  stope  two  Ingersoll-Rand  2.5-in.  drills 
are  used  on  an  8-ft.  cross  bar  (Fig.  4).  The 
round  varies  from  12  to  16  holes,  which  are 
all  breakers.  These  are  shot  with  fuse  entire- 
ly, the  bottom  holes  being  shot  first,  lightly,. 
then  the  next  row  above,  and  so  to  the  top. 
The  timber  caps  are  supported  by  extra  tem- 
porary posts  during  shooting  (Fig.  4),  and 
the  muck  is  all  held  on  the  timber  platform. 
It  is  then  rapidly  caved  into  cars,  through 
the  lagging,  as  above  described,  by  two  men. 
Battery   shooting  would  be  impossible   in   the 
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stope.     It  would  break  the  timbers,  inevitably. 

This  operation  leaves  the  stope  incomplete, 
as  shown  in  Fig.  4.  One  drill  runner,  usin^ 
an  Ingersoll-Rand  telescope  feed  stoping  drill, 
which  is  the  fastest  tool  yet  devised  for  up- 
holes,  follows  and  drills  trimming  holes  to  a 
line  given  him  by  the  survey  crew.  These  are 
shot  with  the  next  regular  round.  The  same 
man  drills  and  shoots  any  trimming  holes  that 
may  be  necessary  to  perfect  the  lower  half  of 
the  tunnel,  as  indicated  by  the  surveyor. 

The  bottom  heading  and  stope  are  checked, 
as  to  line  and  grade,  each  day  by  the  com-  t^ 
pany's  surveyor  and  no  trimming  is  left  un- 
done. The  temporary  sets  and  lagging  arc 
regularly  moved  forward  from  behind  the 
stope,  to  be  reused.  Such  pieces  as  are  in- 
jured are  used  up  for  blocking. 

In  order  to  facilitate  the  work  of  stoping, 
it  has  been  found  expedient  at  times  to  sep- 
arate the  drilling,  mucking  and  trimming  op- 
erations in  the  top.  This  is  completely  ac- 
complished by  putting  up  a  raise  about  every 
300  ft.,  as  shown  in  Fig.  2.  By  this  system 
three  stopes  are  always  in  operation.  Drilling 
is  going  on  in  one,  mucking  in  another  and 
trimming  in  the  third.  This  avoids  any  inter- 
ference by  the  various  gangs  with  each  other's 
work  and  greatly  facilitates  progress.  All  the 
equipment  used  in  stoping  is  light  and  can 
readily  be  moved.  The  chief  advantage  is 
that  the  drill  runners  always  have  a  clean 
breast  to  work  at,  with  no  muck  to  hinder 
them.     The  top  crew  consists  of : 

2  drill   runners,  at $3  •  5o 

2  helpers,    at    2 .  25 

2  muckers,   at    2 .  00 

2  car  banders,  at 2.00 

From  March  15  to  August  15,  191 1,  there 
was  stoped  from  the  top  of  the  south  Hunter 
Brook  tunnel  a  yardage  almost  exactly  equal 
to  that  of  the  bottom  heading,  but  at  a  labor 
cost,  including  blacksmithing  and  all  cost  of 
temporary  timber  platform  and  maintenance 
thereof,  of  $1.69  per  cubic  yard,  making  the 
average  labor  cost  per  yard  for  the  completed 
tunnel  $'2,545  i"  the  cars.  The  powder  con- 
sumption in  the  stopes,  for  the  same  period, 
was  2.5  lb.  per  cubic  yard. 

When  the  ground  requires  timbering  a  reg- 
ular timber  crew  follows  closely  after  the 
trimmer,     placing     permanent     sets.       If     the 
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ig.  3. — Bottom  Heading  and  Temporary  Tim 
ber  Platform. 


Fig.  4.— Method  of  Stoping  Out  the  Top. 
ground  is  very  treacherous,  the  permanent 
timbering  can  be  kept  within  3  ft.  of  the  stope 
breast  without  danger  of  shooting  out  the 
timbers,  since  all  holes  in  the  stope  break 
downward  and  do  not  require  heavy  charges. 
No  cut  holes  are  ever  needed  or  used  in  the 
stope.  Where  permanent  timbering  is  re- 
quired it  is  always  best  to  run  three  or  more 
stopes. 

ECONOMY    AND    ELASTICITY. 

The  advantages  of  this  method  are  several. 
The  most  important  is  that  50  per  cent,  of 
the  muck  is  handled  from  the  stopes  direct- 
ly into  cars,  by  gravity,  at  a  minimum  of  la- 
bor and  cost.  By  the  old  method  all  of  the 
muck  in  the  top  heading  is  shoveled  into 
wheelbarrows   and   wheeled   the   whole   length 
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of  tlu-  l»in(.h  .iiul  hcyoiul,  lo  l)c  tlumpcd  iiilo 
cars.  This  rcquiri-s  a  large  crew  t>f  muckers 
and  wheelbarrow  men  for  the  top  heading, 
besides  an  etiually  large  crew  to  nnick  the 
bench. 

Timlw-'ring  is  a  much  more  simple  proces«^ 
by  the  mining  method.  It  can  be  kept  close 
to  the  breast  witiu>iit  injury  to  timbers  and 
wall  plates  are  uinKccssar> .  each  set  bein^; 
built  ui>  from  grade;  neither  net-d  there  be 
any  delay.  Hy  the  old  method  wall  plates 
must  be  placed  first,  which  is  a  slow  operation ; 
then  the  arches  are  placed  and  later,  when  the 
bench  has  been  blasted  out  at  considerable  risk 
to  the  upper  timbering,  posts  are  set  under  the 
wall  plates.  \'ery  lre(iuently  timbers  are  blown 
out  by  the  heavy  blasts  of  the  cut  in  the  top 
heading;  and  1  have  known  six  or  eight  such 
sets  to  be  brought  down  by  an  unlucky  roimd 
in  the  bench.  All  of  this  is  avoided  by  the 
mining   method. 

Finally,  there  is  more  .elasticity.  The  great- 
est effort  for  progress  is  concentrated  in  the 
bottom  heading,  to  which  everything  else  gives 
way;  for  here  there  is  only  one  point  of  at- 
tack possible.  If  for  any  reason  the  top  falls 
behind,  it  does  not  greatly  matter.  Progress 
of  the  bottom  is  not  thereby  impeded  and  the 
top  may  be  attacked  from  as  many  new  raises 
as  may  be  required  to  make  up  lost  time,  when- 
ever it  is  convenient  to  do  so.  By  the  old 
method,  however,  if  the  bench  falls  behind, 
work  in  the  top  heading  is  immediately  made 
more  difficult  and  costly. 

Tunnel  driving  is  an  industry  wherein  speed 
and  economy  are  equivalent  terms,  unless  be- 
cause of  some  outside  and  conflicting  factor. 
In  most  lines  of  endeavor  it  is  possible  to 
spread  out,  to  divide  the  work  into  sections, 
particularly  in  railways,  canals  and  similar 
surface  undertakings,  which  can  be  attacked 
at  many  points  simultaneously.  In  deep  tun- 
nels, however,  the  space  is  confined,  the  num- 
ber of  men  that  can  be  advantageously  worked 
is  strictly  limited  and  fhe  points  of  initial  at- 
tack are  never  more  than  tw^o,  unless  shafts 
be  put  down  to  provide  more  headings.  As 
shafts  involve  hoisting  and  nsually  pumping, 
they  are  to  be  avoided  unless  in  long  tunnels. 
the  early  completion  of  which  may  justify  con- 
siderable extra  cost. 

Manifestly,  then,  speed  in  the  heading  should 
be  the  first  consideration.  The  number  of 
men   being  limited   by  the   working   space   the 
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Fig.  5. — Completed  Tunnel,  Timbers  to  be 
Moved   Forward.. 


crew  is  constant  in  a  heading  of  given  size 
and  the  cost  per  foot  may  be  said  to  vary  in 
inverse  ratio  to  the  speed. 

It  is  also  manifest  that  the  heading  is  the 
most  expensive  part  of  tunnel  excavation. 
Since  the  rock  is  exposed  on  one  side  only, 
it  must  be  torn  out.  All  other  rock  to  be  re- 
moved, after  the  heading  has  passed,  is  ex- 
posed on  at  least  two  sides  and  may  be  broken 
inward  to  a  free  space  with  fewer  drill  holes 
and  less  explosive.  It  follows  that  the  head- 
ing should  be  as  small  as  may  be  practicable, 
and  that  transportation  facilities  should  be 
fully  adequate  for  removal  of  all  the  rock  to 
be  excavated  from  bottom  heading,  top  and 
sides  at  the  speed  required.  This  means  good 
track,  electric  haulage,  plenty  of  quick  dump- 
ing cars  of  narrow  width,  empties  delivered 
as  rapidly  as  needed  at  the  heading  and  hauled 
away  as  soon  as  loaded,  no  interference  with 
main  line  traffic  by  top  and  side  excavation, 
and   proper   terminal   arrangements   outside. 

If  the  traffic  facilities  be  inadequate  for 
removal  of  all  excavated  rock  at  the  required 
speed  on  a  single  track,  then  the  heading  must 
be  widened  to  permit  double  track.  The  head- 
ing yardage  is  thereby  nearly  doubled,  the 
expense  is  increased  and  the  speed  of  the 
heading  and,   of  course,  of  the  whole  tunnel 
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is  reduced.  Money  loss  is  in  two  directions : 
The  proportion  of  most  expensive  excavation 
is  materially  increased  and  the  period  of  over- 
head cost  is  as  materially  lengthened,  whereby 
the  cost  of  the  excavation  per  unit  increases 
proportionally. 

An  interesting  comparison,  showing  the 
marked  difference  of  results  by  different  head- 
ing methods,  is  that  of  the  Bergen  Hill  (Penn- 
sylvania R.  *R..)  Hunter  Brook  and  Simplon 
headings. 

Best      Equiv- 
Size.  Month,      alent. 

Tunnel.  Head.  Sq.Ft.  Cr^ws  Lin. Ft.  Yardage 
Bergen  Hill*  top     210  2  lo-hr.  145  1127.77 

shifts 
Hunter  Brook.bot     1382    8-hr.  289  1477- n 

shifts 
Simplon-j-    ...bot.      603   8-hr.  685.5      1523-3.3 

shifts 

*F.  Lavis,  Trans.  Am.  Soc.  C.  E.,  Feb.,  1910. 

fW.  L.  Saunders,  Trans.  Am.  Inst.  M.  E., 
Feb.,  1909. 

The  comparison  shows  quite  clearly  that 
speed  increases  in  inverse  ratio  to  the  size 
of  the  heading. 

Provided  that  equipment  be  suitable,  there 
can  hardly  be  serious  question  as  to  the  ad- 
vantages of  the  small  bottom  heading.  More- 
over, the  Ingersoll-Rand  drill  carriage  can  be 
used  in  a  narrow,  single-track  heading,  but 
not  in  a  wide  heading  with  double  track. 
The  u^e  of  this  carriage  and  all  details  of  the 
Swiss  bottom  heading  method  seem  admirable 
and  highly  practical.  If  one  were  inclined  to 
criticize  at  all,  it  would  be  the  Swiss  rnethod 
of  stoping  the  top,  which  seems  unnecessarily 
complicated,  first,  because  small  drifts  are  run 
from  the  top  of  each  raise,  after  which  the 
rock  below  is  taken  out  by  underhand  stop- 
ing, which  costs  more  than  overhand  stoping 
and  has  long  been  obsolete  in  American  mining 
practice;  second,  because  work  in  the  stopes 
seems  to  be  divided  into  more  separate  opera- 
tions than  would  be  resorted  to  in  this  coun- 
try. Such  details  are  overshadowed,  however, 
by  the  wonderful  heading  records  made  in 
Switzerland. 

Those  records  could,  without  any  reason- 
able doubt,  he  duplicated  in  this  country  if  the 
proper  method  were  adopted  and  suitable 
equipment  provided.  The  saving,  in  money 
alone,  would  be  tremendous.  The  saving  in 
time,  especially  where  long  tunnels  are  to  be 


driven,  would  often  be  of  paramount  import- 
ance. 

The  mining  method  of  tunneling  requires 
very  perfect  organization,  for  more  operations 
are  going  on  at  the  same  time  than  in  an  or- 
dinary heading  and  bench  tunnel.  It  is  nec- 
essary to  divide  the  work  very  closely  and  to 
train  each  man  to  proficiency  in  the  particular 
work  he  has  to  do.  The  degree  of  organiza- 
tion will  generally  show  in  comparisons  of 
monthly  costs  and  progress.  The  record  of 
the  Hunter  Brook  tunnel,  for  the  five  fiscal 
months  previous  to  this  writing,  is  as  follows : 

Progress,     Labor  Cost. 
Completed.  Ex.  Haulage. 
Tunnel. 
March   15,  April   15...   278.5ft.  $7096.39 

April  15,  May  15 *263.5"  6851.01 

May  15,  Jun  15 278.5  "  7304.01 

June   15,  July   15 -j-259     "  6676.65 

July  15,  Aug.  15 283      "  7183.63 

July  15,  Aug  15,  head.  289      " 
*Easter  holidays,  April  16  and  17. 
-|-Two  holidays,  July  4  and  5. 

For  the  successful  driving  of  this  tunnel  by 
a  method  which  was  entirely  new  in  this  part 
of  the  world  much  credit  is  due  to  Mr.  Harry 
A.  Leeuw,  general  superintendent  of  the  entire 
work ;  to  Mr.  Peter  Bachels,  tunnel  superinten- 
dent, and  to  Mr.  Joseph  Goodman,  night  su- 
perintendent.— Engineering  Record. 


THE  AIR   PUMP  VALVE  FROZE 

I  once  had  occasion  to  use  a  double-acting 
pump  for  mine  purposes,  using  air  at  90  lbs. 
gage  pressure.  But  I  was  continually  both- 
ered with  the  valves  freezing,  which  stopped 
the  pump. 

Then  it  was  the  old  story  of  burning  a 
piece  of  oily  waste  to  thaw  them  out  and 
get  the  pump  started  again.  This  method, 
however,  has  often  caused  cracked  and  broken 
pumps,  due  to  the  unequal  expansion. 

I  finally  tried  the  scheme  of  tapping  a 
^-inch  connection  on  the  discharge  pipe,  near 
the  pump,  and  leading  the  same  around  and 
over  the  air  chest,  branching  off  over  each 
chest.  Then  I  put  in  a  34-inch  pet  cock  about 
4  inches  above  each  chest  so  as  to  get  a  small 
stream  of  warm  mine  water  to  flow  over  the 
top  of  each  valve  chest  while  the  pump  was 
working.  This  ended  the  trouble. — W.  Cooke, 
Chignecto,  N.  S.,  in  Pozver. 
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EXPANSION    VALVE  GEAR  FOR 
STEAM     OK    AIR-HAMMERS 

Fijf.     7.,     Ikto     rcpnuliKod     tiom     J  hr     J:ii 
gitu'i'r,    London.    sIk)\vs    a    liannnor    do^if^^iutl 
to   l)c   operated    with   oithor   steam   or   air     tlu 
latter     l)einj^-    eniploved     witli     increasinv;     ire 
qnency — and  provuled   with  an  improved   \al\e 
and    valve   jj^ear,    enahlin^   the    operating    Mnid 
to    bo    used    expansively.       The    object    of    tlu 
makers.    Messrs.     H.    and    S.    Massey.    Open 
shaw.     I'Jigland.    in    ilesij^ninjj:    this    gear    ha> 
been  lo  reduce  the  consumption  of  the  work 
ing   tluid   without    the    introduction   of  compli- 
eatetl  mechanism,  and   without  sacrificing  ea-«o 
of  manipulation,     b'igs.    i   to  6  show   sectional 
views    of    a    hanuner    of    the    arch    form,    the 
piston  valve  being  in  section  in  four  ditTerent 
positions.     Fig.  7  represents  a  steam  hammer 
of    the    Rigby   tj-pe    to    which    the    mechanism 
has  been  applied. 

The  chief  feature  of  the  gear  is  that  the 
hand  worked  movement  and  the  automatic 
cut-ofif  are  entirely  separate  and  in  different 
directions.  The  hand  movement  of  the  pis- 
ton valve  for  the  ordinary  control  of  the 
hammer  is  vertical,  w-hereas  the  automatic 
cut-off  movement  is  rotary,  the  valve  being 
turned  through  a  small  arc  of  a  circle  by 
levers  and  tripper  mechanism  actuated  by 
the  tup.  Referring  to  the  sectional  illustra- 
tions it  will  be  observed  that  when  the  valve 
is  in  the  position  shown  in  Fig.  3  steam  is 
admitted  to  the  under  side  of  the  piston,  and 
simultaneously  the  space  on  the  top  side  of 
the  piston  is  opened  to  the  exhaust.  The  re- 
sult is  an  upward  movement  of  the  working 
piston,  and  in  rising  the  tup  comes  in  contact 
wath  the  tripper,  clearly  shown  in  Fig.  i,  and 
rotates  the  valve  by  means  of  the  roller 
mechanism,  cutting  off  the  steam  below  the 
piston  and  closing  the  exhaust  above — Fig. 
4.  During  the  remainder  of  the  stroke  the 
steam  below  the  piston  is  used  expansively, 
and  the  compression  of  the  entrapped  steam 
above  the  piston  produces  a  cushioning  ef- 
fect which  brings  the  hammer  quietly  to  rest 
and  prevents  the  possibility  of  blowing  off 
the  cylinder  cover  ^  which  is  liable  to  accom- 
pany the  operation  of  steam  hammers  by  in- 
experienced persons.  Although  the  valve 
mechanism  is  thus  arranged  to  cut  off  the 
supph^  of  live  steam  at  a  certain  position  of 
the  stroke,  the  valve  is  so  designed  that  when 
the    hammer    is    at    the    top    of    its    stroke    a 


FIG.    7.      HAMMRR    WITH     EXPANSION    VALVES 

small  port  is  uncovered  which  admits  just 
sufficient  steam  below^  the  piston  to  keep  it 
suspended   for   "holding  up"   purposes. 

On  moving  the  valve  into  the  position 
shown  in  Fig.  5  the  bottom  of  the  cylinder 
is  opened  to  exhaust  and  steam  is  admitted 
above  the  piston  for  forcing  the  hammer 
down.  As  the  tup  descends  the  valve  is  ro- 
tated back  again  until  at  a  predetermined 
point  in  the  stroke  steam  is  entirely  cut  off — 
as  shown  in  Fig.  6 — and  the  steam  is  there- 
fore used  expansively  during  the  remainder 
of  the  stroke.  For  "holding  down"  supple- 
mentary ports  are  provided  which  come  into 
operation  when  the  hand  lever  is  placed  a 
little  below  mid  position.  These  ports  also 
serve  to  produce  short  strokes,  but  are  closed 
when  a  longer  travel  is  given  to  the  valve  for 
ordinary  working. 

The  makers  claim  that  the  expansion  gear 
gives  a  considerable  economy  of  steam  con- 
sumption compared  with  ordinary  valve 
gears,  as  the  steam  is  used  expansively  on 
both  strokes.  The}'  also  claim  that  "after 
flow" — the  useless  and  wasteful  flow  of  steam 
into  the  cylinder  after  the  blow  has  been 
struck — is    prevented :    that    clearance    loss    is 
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largely  avoided  owing  to  the  automatic  com- 
pression at  the  end  of  the  up  stroke ;  and  that 
direct  leakage  of  steam  past  the  valve  when 
the  hammer  is  holding  up  is  prevented.  Dur- 
ing the  latter  operation  the  valve  is  arranged 
to  occupy  the  position  in  which  the  lap  is  at 
its  maximum.  With  regard  to  the  control, 
this  we  found  most  simple,  enabling  an  un- 
skilled person  to  use  the  hammer  without 
danger.  Owing  to  the  operation  of  the  trip- 
per and  roller  mechanism  on  the  valve  no 
shock  to  the  attendant's  hand  is  possible,  and 
a  further  advantage  is  that  the  hammer  can 
be  held  up  at  the  extreme  top  of  the  stroke. 


Air  under  pressure,  whether  at  2  lb.  or  150 
lb.,  has  come  to  be  regarded  not  as  an  elu- 
sive, intangible  quantity,  but  as  a  commer- 
cial commodity,  the  handling  of  which  re- 
quires judgment.  This  is  a  subject  to  which 
a  great  deal  of  attention  is  being  devoted  at 
the  present  time,  attention  that  has  lately  been 
reflected  in  the  purchase  or  planning  of 
equipment.  Similarly,  apparatus  that  is  pneu- 
matically  operated  finds  increasing  applica- 
tion, and  is  bought  more  than  formerly  on 
the  basis  of  demonstrated  efficiency. — Iron 
Age. 
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T  Y  PES  OF   41  >l  C-RS^:  J  £     BREATHINq 
APPARATUS 

Bv  James  W.  Pail.* 
The  types  of  breathing  apparatus  used  by  the 
Bureau  of  Mines  carry  a  supply  of  manufac- 
tured oxygen.  The  purpose  of  tliese  types  of 
breathing  ai)paratus  is  to  supply  the  wearer 
with  oxygen,  ami  to  absorb  the  carbon  diox- 
ide and  the  moisture  exhaled  in  his  breath. 
To  accomplish  this  purpose,  the  apparatus  arc 
so  made  as  to  permit  the  wearer  to  use  the 
oxygen  that  is  exhaled  in  his  breath,  and  to 
permit  him  to  breathe  over  and  over  again 
the  nitrogen  that  is  in  his  lungs  and  any  that 
is   inside   the   apparatus. 

TVPKS  OF  BREATHING  APPARATUS. 

There  are  a  number  of  types  of  breathing 
apparatus.  Those  in  extensive  use  are  of 
European  make,  and  several  of  them,  includ- 
ing the  Draeger,  the  Westphalia  and  the 
Fleuss,  which  have  been  tested  and  used  at 
the  mining  experiment  station  of  the  Bureau 
of  Mines,  seem  to  be  about  equal  in  merit. 

Dracgcr,  1907  Type. — The  Draeger  breathing 
apparatus,  1907  type,  has  a  knapsack,  a  pair  of 
breathing  bags,  and  either  a  helmet  or  a 
mouth-breathing  device.  The  knapsack  holds 
two  steel  cylinders  charged  with  oxygen  to 
a  pressure  of  1764  lbs.  per  square  inch;  a 
pressure  gage  (finimeter)  ;  a  reducing  valve; 
two  regenerators  containing  caustic  potash 
(ordinary  lye)  ;  and  a  cooling  cylinder. 

The  helmet  incloses  the  wearer's  face  and 
top  of  his  head,  and  is  made  to  fit  closely 
about  his  face  by  means  of  a  rubber  tube  that 
may  be  inflated  by  pressing  a  small  rubber 
bulb.  The  front  of  the  helmet  is  closed  by  a 
circular  disk  of  mica,  protected  by  a  wire 
frame.  From  the  helmet  are  suspended  two 
breathing  bags,  protected  by  a  leather  apron. 
The  apparatus  is  so  arranged  that  the  mouth- 
breathing  device  may  easily  be  substituted  for 
the  helmet. 

The  circulation  of  the  air  and  gases  within 
the  apparatus  is  controlled  by  an  injector  that 
keeps  a  pressure  in  the  supply  or  inhalation 
tube  and  a  vacuum  in  the  return  or  exhala- 
tion tube  equivalent  to  10  cms.  (3.94  ins.)  of 
water  column.  The  reducing  valve  is  so  regu- 
lated as  ,to  furnish  2  liters  (122  cu.  ins.,  or 
about  2  qts.)   of  oxygen  per  minute.     The  in- 


jector causes  the  air  within  the  apparatus 
U)  pass  through  the  supply  and  return  tubes 
at  the  rate  of  50  liters  (1.77  cu.  ft.)  per  min- 
ute, so  that  tiu'  rxhaK'<l  breath  is  quickly  car- 
ried through  the  regiiicrator,  where  the  car- 
bon dioxide  is  absorbed,  and  then  to  the  cool- 
er and  the  supply  tube.  A  relief  valve  at- 
tached to  the  helmet  allows  air  to  escape 
when  the  breathing  bags  become  too  full.  The 
circulating  system  of  the  Draeger  1907  helmet- 
type  apparatus  is  c^'^'-n  in  Fiuf.  t. 


*From  Miners'   Circular,    Xo.   4,   Bureau   of 
Mines. 


Fig.   1.     Circulating   System   of   Draeger  1907 
Helmet-Type    Apparatus. 

Draeger  No.  2,  1910  Type. — The  1910-type 
Draeger  apparatus  (Fig.  2)  works  on  the  same 
principle  as  the  1907  type,  but  is  differently 
built.  The  1910  type  has  the  following  parts : 
A  knapsack  with  one  oxygen  bottle  which 
contains,  at  a  pressure  of  2205  lbs.  per  square 
inch,  oxygen  enough  for  2  hours'  service ;  a 
reducing  valve  which  regulates  the  supply 
of  oxygen  from  the  oxygen  bottle ;  an  in- 
jector nozzle  which  makes  the  air  circulate; 
a  pressure  gage,  readable  by  the  wearer,  which 
indicates  the  length  of  time  the  oxygen  in  the 
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cylinder  will  last;  a  chest  union  to  which  are 
attached  the  circulating  tubes  and  one  breath- 
ing bag;  a  helmet  or  a  device  for  mouth- 
breathing;  a  regenerator  can  (or  cartridge), 
which  contains  potash  grains  arranged  on 
shelves  to  absorb  the  carbon  dioxide  exhaled 
in  the  wearer's  breath;  and  a  tube  for  cool- 
ing the  purified  air. 


Fig.  2.  Circulating  System  of  Draeger  1910- 
Type    Apparatus. 

A  relief  valve  on  the  chest  union  permits 
air  to  escape  from  the  breathing  bag  when 
the  bag  gets  too  full.  There  are  no  valves  in 
the  circulating  system.  The  helmet  is  of 
leather  and  has  a  mica  window  fastened  in 
a  metal  frame.  The  facial  tube  is  made  to 
press  against  the  forehead,  the  cheeks  and 
the  under  side  of  the  chin;  it  should  not  cov- 
er the  temples.  A  more  recent  model  of  the 
1910  t3^pe  has  two  breathing  bags,  mica  valves 
in  the  circulating  system,  and  separate  tube 
connections  with  the  helmet  for  the  inflow 
and  outflow  of  air.  A  mouth-breathing  at- 
tachment may  be   substituted   for  the   helmet. 

Westfalia. — The  Westfalia  breathing  ap- 
paratus (helmet  and  mouth-breathing  tj'pes) 
has,  like  the  Draeger,  a  knapsack  that  is  sus- 
pended from  the  shoulders  and  rests  on  the 
back.  This  knapsack  has  a  frame  supporting 
two  oxygen  cylinders,  a  regenerator,  a  pres- 
sure gage,  a  reducing  valve,  and  an  injector. 
Resting  on  the  breast  of  the  wearer  are  two 
breathing  bags ;  one  is  connected  to  the  oxy- 
gen supply  tube  and  the  helmet,  and  the  other 
to  the  exhalation  tube  and  the  regenerator. 
The  helmet,  like  that  of  the   1907-type  Drae- 


ger apparatus,  covers  the  front  half  and  top 
of  the  head.  A  flexible  rubber  lining  fits 
about  the  face  and  keeps  out  the  external  air, 
but  for  greater  safety  a  rubber  tube  around 
the  edge  of  the  lining  may  be  inflated  by  an 
attached  rubber  bulb.  The  mouth-breathing 
device  may  easily  be  substituted  for  the  hel- 
met. 

The  circulating  system  of  the  Westfalia 
helmet-type  apparatus  is   shown  in  Fig.  3. 

Fleuss  or  Proto. — The  Fleuss  (or  Proto) 
breathing  apparatus  (Fig.  4)  consists  of  a 
pair  of  steel  cylinders  or  bottles,  containing 
oxygen  at  a  pressure  of  120  atmospheres 
(1764  lbs.  per  square  inch)  ;  a  reducing  valve 
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Fig.    3.     Circulating    System    of    the- West- 
falia    Helmet    Apparatus. 

equipped  with  a  by-pass  valve;  a  breathing 
and  regenerating  bag  that  contains,  when 
ready  for  use,  4  lbs.  of  caustic  soda  in  sticks, 
a  saliva  trap,  a  cooler,  and  a  relief  valve;  and 
mouthpiece,  nose  clip,  goggles,  and  skull 
cap.     A  face  mask  that  covers  the  nose  and 
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Fig.    4.     Circulating    System    of    the    Fleuss 
Apparatus. 

mouth    may    be    used    instead    of    the    mouth- 
piece. 

GOGGLES     AND     NOSE     CLIP. 

Goggles  are  used  with  the  mouth-breath- 
ing patterns  of  apparatus  only  when  a 
man  has  to  work  in  smoke  or  in  gases  that 
affect  the  eyes.  In  the  use  of  the  mouth- 
breathing  patterns  of  apparatus  a  clip  is  worn 
on  the  nose  to  close  the  nostrils.  This  clip 
has  adhesive  plasters  which  make  it  fit  the 
nose  firmly. 

HELMET    VERSUS     MOUTH-BRE.\THING    TYPES. 

Men  who  have  had  much  experience  with 
breathing  apparatus  have  different  opinions 
in  regard  to  whether  masks,  helmets,  or 
mouth-breathing  devices  are  the  better.  The 
writer  thinks  the  helmet  is  not  necessary  for 
safe  and  effective  service "  in  unbreathable 
gases. 

In  an  atmosphere  that  contains  smoke  or 
fumes  that  irritate  the  eyes,  nostrils,  or 
throat,  the  helmet  may  be  worn  with  safety 
by  one  who  has  been  thoroughly  instructed 
and  trained  in  its  use,  for  the  reason  that  any 
leakage  may  be  readily  detected,  but  in  nn 
unbreathable  or  poisonous  atmosphere  that 
contains  no  irritating  fumes  or  gases  a  leak 
is  not  detected  and  the  wearer  may  be  over- 
come. The  above  disadvantage  does  not  ap- 
ply to  the  mouth-breathing  form  of  appara- 
tus, which  the  writer  believes  should  be  used 


for  mine  work  in  an  atmosphere  tiiat  will 
not  support  life  and  which  docs  not  contain 
irritating  gases.  In  addition,  the  wearer  of 
thr  month  linathing  tNpr  can  e.xamine  the 
roof  niorr  tasil\-  than  can  the  wearer  of  a 
iulnut.  .Sdinc  nu-n  who  ha\e  used  both  hel- 
nuts  and  moiuli  breathing  devices  prefer  the 
formrr,  because  they  can  l)reathe  through  the 
nosf  more  easil\'  than  through  the  mouth. 
An  obji-ction  to  month-breathing  devices  is 
that  tl)e\-  make-  it  mort-  difficult  fctr  men  to 
talk  to  each  other  when  working  in  a  pois- 
onous atmosphere,  but  audible  signals  may 
lie  used  with  success  1)\-  men  i:)roperly  trained. 


JAPANESE  PEARL  DIVERS 

The  pearl  dixers  of  Japan  are  women. 
Along  the  coast  of  the  bay  of  Ago  and  the 
hay  of  Kokasho  the  thirteen  and  fourteen 
\ear  old  girls,  after  they  have  finished  their 
primary  school  work,  go  to  sea  and  learn 
to  (live.  They  are  in  the  water  and  learn  to 
swim  almost  from  babyhood,  and  spend  most 
of  their  time  in  the  water,  except  in  the  cold- 
est .season  from  the  end  of  December  to  the 
beginning  of  February.  Even  during  the 
most  inclement  of  seasons  they  sometimes 
dive  for  pearls.  They  were  a  .special  dress, 
white  underwear  and  the  hair  twisted  up  into 
a  hard  knot.  The  eyes  are  protected  by  glasses 
to  prevent  the  entrance  of  water.  A  boat  in 
command  of  a  man  is  assigned  to  every  five 
or  ten  women  divers.  When  the  divers  ar- 
rive on  the  grounds,  they  leap  into  the  wa- 
ter at  once  and  begin  to  gather  oysters  at 
the  bottom.  The  oysters  are  dropped  into 
tubs  suspended  from  their  waists.  When 
these  vessels  are  filled  the  divers  are  raised 
to  the  surface  and  jump  into  the  boats.  They 
dive  to  a  depth  of  from  five  to  thirty  fathoms 
without  any  special  apparatus  and  retain 
their  breath  form  one  to  three  minutes.  Their 
ages  vary  from  thirteen  to  forty  years  and 
betw^een  twenty-five  and  thirty-five  they  are 
at  their  prime. 


RESTRAINING  THE  USE  OF  COM- 
PRESSED AIR 

Perth  Amboy,  N.  J. — The  police  have  be- 
gun to  enforce  orders  from  Chief  Burke, 
putting  a  stop  to  the  use  of  putty  blow^ers  by 
the  boys  of  the  city.  The  chief  has  instructed 
his  men  to  warn  and  later  arrest  on  sight 
any  boy  or  girl  who  blows  putty  through 
tubes   of  anv   sort. 
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PORTABLE,  AUTOMATIC,    OIL-BURN- 
ING COMPRESSED    AIR   HEATER 

The  heater  shown  in  the  half  tone  and  sec- 
tional cut  herewith  marks  a  new  departure 
and  a  distinct  advance  in  the  working  out  of 
one  of  the  most  important  problems  in  connec- 
tion with  the  employment  of  compressed  air 
for  general  industrial  purposes.  The  consid- 
erable increase  of  volume  resulting  from  the 
heating  or  reheating  of  air  after  compression 
and  transmission,  and  the  slight  fuel  cost  of 
such  reheating  are  generally  understood  and 
many  heaters  have  been  devised  for  the  pur- 
pose, but  various  objections  have  prevented 
their  extensive  adoption.  Perhaps  the  most 
frequent  deterrent  has  been  in  the  intermit- 
tent character  of  air  employment.  Heaters 
which  would  give  very  good  results  when  the 
current  of  air  was  flowing  constantly  through 
them,  as  in  the  driving  of  a  pump,  have  not 
proved  so  satisfactory  in  connection  with 
rock  drills  or  other  intermittently  operated 
tools. 

The  heater  here  shown,  recently  placed  on 
the  market,  has  sufficient  capacity  to  supply 
one  drill,  and  automatically  maintains  the  de- 
sired  temperature  of  the   air  passing  through 


it.  This  is  accompli.shed  by  the  Imrning  of 
gasoline  or  kerosene  directly  in  the  compressed 
air  as  it  is  passing  through  the  heaters.  The 
fuel  is  injected  into  the  combustion  chamber 
in  the  required  quantity  by  the  current  of 
air  passing  through,  so  that  the  heating  is 
automatically  kept  up  while  the  tool  is  in 
operation  and  is  discontinued  when  the  tool  is 
stopped.  The  mixture  of  fuel  and  air  is  ig- 
nited by  an  electric  resistance  coil  or  by  a 
hot  tube.  It  is  stated  that  the  only  attention 
required  is  in  the  initial  adjustment  of  the 
fuel  valve  to  give  the  temperature  desired. 
The    half   tone.    Fig.    i,    shows   a    heater    of 


Jfeducing 
Pressure  Valve 


Air 


FIG.  2.     SECTION   OF    LARGER   HEATER. 

small  size,  weighing  only  about  40  pounds 
and  capable  of  heating  air  at  the  rate  of 
about  75  cu.  ft.  of  free  air  per  minute.  This 
would  be  enough  for  one  rock  drill  up  to, 
say  2^  in.  Fig.  2  is  a  sectional  view  of  a  larger 
heater,  having  a  maximum  capacity  of  250  cu. 
ft.  of  free  air  per  min.,  enough  for  a  sH-i^- 
drill.  Its  weight  is  about  150  lbs.  The  in- 
ternal arrangement  of  both  models  is  sub- 
stantially the  same.  The  supply  line  from 
the  compressor  is  connected  to  the  air  inlet 
(Fig.  2)  and  the  tool  is  connected  with  the 
outlet    bv    a    flexible    steel    hose.      The    metal 
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hose  is  necessary,  instead  of  rubber,  to  vvillisiand 
the  hij^h  temperature  (350  deR:rces  V.)  of  the 
ri'hcatod  air.  The  hose  is  insulated  to  re- 
duce tlio  loss  hy  radiation.  The  entering  air 
tills  an  annular  chaniher  just  above  the  feed 
tank  at  the  base  ol  the  heater.  From  this 
space  most  of  the  air  passes  into  the  heating 
chamber  through  the  pressure  reducing  valve 
set  to  maintain  a  pressure  difference  of  a  frac- 
tiiMi  of  a  pound.  Due  to  this  pressure  difTer- 
cnco.  some  of  tiie  entering  air  is  by-passed 
up  through  the  injection  port,  carrying  with 
it  oil  from  the  tank  below.  A  combustible 
mixture  is  formed  and  is  lit  by  the  igniting 
coil  (or  the  hot  tube)  upon  entering  the 
combustion  chamber  above.  The  products  of 
combustion  mingle  with  the  main  body  of  air 
in  the  heating  chamber  and  the  heated  air 
then  passes  from  the  outlet  to  the  tool. 

The  heater  is  being  put  on  the  market  by 
the  maker,  the  Sterling  Equipment  Company. 
People's  Gas  Building,  Chicago,  under  the 
name  of  the  Sterling  Air  Economizer.  It  is 
claimed  by  the  Sterling  Company  that  100  cu. 
ft.  of  air  per  minute  can  be  heated  from  50 
degrees  to  350  degrees  during  ten  hours  of 
continuous  running  with  about  2.^/2  gallons  of 
gasoline  or  kerosene. 


DETERMINING  THE^SPECIFIC  GRAV- 
ITY OF  GASES 

The  following  account  is  the  description  of 
an    apparatus    for    the    determination    of    the 
specific   gravity   of   gases.     The    same   follows 
the  well-known   Bunsen  method,  and  depends 
on  the  law :     That  the  squares  of  the  veloci- 
ties of  two  gases,  flowing  through  a  small  ori- 
fice at  the  same  pressure,  moisture  and  tem- 
perature,    are     directly     proportional     to     the 
specific  gravity  of  the  tw^o  gases.     If 
s,=:specific   gravity  of  air ; 
tj  =^  velocity  of  the  air  flow  : 
s  =  specific  gravity  of  the  gas ; 
to  =  velocity  of  the  gas  flow%  then 
t/  ^  t,'  =  Si 
And  if  the  specific  gravity  of  air  equals  one 
(r),  then 

s  =  t,'  ~  t,^ 
In  this  new  apparatus  the  flow  of  gas  is  in 
a  vacuum  whose  height  can  be  regulated  ac- 
curately and  kept  within  wide  limits.  It  is 
therefore  possible  to  determine  the  relation 
of  the  velocity  of  dry  gases  and  get  more  ac- 
curate results.     The  apparatus  is  of  glass,  and 


consists  of  an  upright  cylindrical  body,  with 
manometer  attached  near  top,  the  intake  tube 
at  bottom,  the  thermometer  in  the  inlet  pipe, 
the  suction  cock  on  the  manometer  e.xit,  and 
cock  on  the  manometer  exit,  and  cock  at  the 
top  of  the  cylinder.  In  the  inflow  pipe  is  a 
cock  split  in  two  chambers  by  a  diagonal  sec- 
tion. One  of  these  chambers  has  a  platinum 
sheet  with  a  very  fine  orifice ;  the  other  is 
open  and  has  no  obstruction.  The  former 
serves  to  allow  the  test  gas  to  enter.  The 
manometer  has  a  mercury  column,  and  ther- 
mometer is  attached  in  such  a  way  that  the 
mercury  is  enveloped  by  the  inflowing  gas  or 
air.  To  use  the  instrument  a  vacuum  is 
created  in  the  vertical  cylinder  by  means  of  a 
suction  pump  attached  to  the  manometer  cock. 
The  mercury  column  in  the  manometer  gives 
the  height  of  the  vacuum.  When  the  vac- 
uum is  complete  and  the  cock  at  the  side  of 
the  cylinder  is  closed,  the  cock  on  the  inlet  is 
set  properly,  and  air  is  admitted  through  the 
platinum  sheet  into  the  cylinder  and  the  fall 
of  the  mercury  column  is  watched  to  see  when 
the  vacuum  shall  have  reached  a  certain  lower 
value.  The  time  of  the  inflow  of  air  is  de- 
termined by  a  chronoscope.  Then  the  vac- 
uum is  again  raised  to  the  previous  height, 
and  the  same  process  is  repeated  with  the 
gas.  The  specific  gravity  and  molecular 
weight  are  determined  by  the  formula :  Spec, 
grav.  =  to^  -f-  t,'  and  molecular  weight  = 
28.76  X  iU'  -^  U')  (air  =1).  If  the  gas  to 
be  tested  is  under  pressure,  the  mouthpiece 
of  the  intake  tube,  as  also  the  mouthpiece  of 
the  manometer,  are  connected  to  the  gas 
main,  so  that  there  shall  be  a  balance  or  equil- 
ibrium of  pressure  with  the  interior  of  cylin- 
der. The  excess  pressure  of  gas  over  the  at- 
mosphere will  be  balanced  in  this  way.  A 
large  number  of  tests  were  made  with  this  in- 
accurate. The  apparatus  was  tested  with  an- 
thracite coal  gas.  oxygen,  water  gas,  mixed 
gas,  etc.  An  accurate  even  temperature  of  the 
gas  is  one  of  the  necessities  for  a  successful 
test.  The  apparatus  can  of  course  be  made  of 
metal  as  well  as  of  glass. — Herr  Giilich, 
Journal  fi'ir  Gasbeleuchiung.  Translated  by 
the    Progressive   Age. 


The  city  of  Rio  Janeiro  has  a  long  dis- 
tributing plant  which  employes  three  twin  gas 
compressors  of  2900  cu.  •  ft.  per  min.  capacity 
working  at  a  pressure  of  6  lbs.,  gage. 
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LONG  COLUMN  ARMS  IN  TUNNELS 

In  driving  tunnel  headings  of  oval  or  semi- 
circular cross  section,  ranging  from  10  or  12 
up  to  18  or  20  feet  in  width  on  the  floor,  a 
customary  method  is  to  employ  two  columns, 
each  carrying  two  drills.  In  order  to  com- 
plete the  round  and  break  the  ground  to  the 
best  advantage  it  is  necessary  either  to  move 
the  columns  or  to  set  up  a  third  column.  A 
device  for  obviating  this  delay  has  been  used 
recently  with  success  in  tunnels  on  the  line  of 
the  New  York  City  water  supply  aqueduct. 
It  consists  merely  of  a  column  arm  of  unusual 
length,  30  or  36  inches.  This  is  set  near  the 
bottom  of  the  column,  and  gives  the  drill  a 
much  wider  range  in  placing  the  holes  than 
the  arm  of  ordinary  length. 

With  this  long  arm  a  tunnel  wall  or  rib 
may  be  carried  straight,  instead  of  as  a  series 
of  offsets,  with  the  resulting  roughness,  which 
must  be   reduced  by  filling  or  trimming.     In 


the  sketch,  figure  i,  is  shown  a  column  with 
a  short  arm.  It  must  be  set  far  enough  from 
the  rib  to  permit  the  arm  to  swing  between  the 
rib  and  the  column  when  the  arm  is  placed 
for  drilling  the  holes  at  the  top  of  the  tun- 
nel. 

Hole  No.  I  is  drilled  with  the  arm  on  the 
left  side  of  the  column.  The  arm  is  then 
swung  to  the  position  shown  in  the  cut,  and 
holes  Nos.  2,  6,  7  and  8  drilled.  If  this 
arm  or  bottom^  arm  of  the  same  length  is  used 
for  the  lower  rib  holes,  Nos.  3,  4,  and  5  would 
be  drilled  as  shown  in  figure  2,  leaving  an 
offset. 

The  use  of  a  long  arm  on  this  column  al- 
lows holes  Nos.  3,  4  and  5  to  be  drilled  as 
shown  in  figure  No.  3,  and  the  difference  in 
appearance  of  the  rib  when  the  two  arms  are 
used  is  shown  in  figures  Nos.  2  and  3.  These 
are,  of  course,  made  of  extra  strong  mater- 
ial to  withstand  the  strain  placed  on  them 
when  the  drill  is  working  at  the  outer  end. — 
Mine  and  Quarry. 


DETERMINING  VERTICAL  MOVE- 
MENTS OF  AIRSHIPS 

To  determine  his  precise  position  at  any 
time  the  marine  navigator  has  only  to  know 
his  latitude  and  longitude.  The  aerial  navi- 
gator, for  personal  safety  as  well  as  for  suc- 
cessful voyaging  needs  also  to  know  not  only 
his  altitude,  which  the  aneroid  barometer  will 
tell  him  approximately,  but  also  on  the  in- 
stant he  should  know  whether  he  is  rising  or 
falling.  Engineer  Philip  Lens,  of  Gross- 
Lichterfelde,  Germany,  has  recently  produced 
a  device  for  this  purpose.  His  signal  appar- 
atus consists  of  a  rectangular  wicker  basket, 
in  which  a  wind  wheel  is  placed  vertically. 
By  means  of  a  lever  connected  with  the  axis 
of  the  wind  wheel,  two  sounding  mechanisms 
are  set  in  motion  as  soon  as  the  little  wheel 
revolves.  The  bottom  and  top  of  the  com- 
plete instrument  are  provided  with  openings 
so  that  the  air  can  enter  either  way.  As 
soon  as  the  balloon  changes  its  altitude,  an 
air  current  flows  into  the  signaling  instru- 
ment, setting  the  wind  wheel  in  motion, 
and  with  it  the  sounding  mechanism.  In 
order  to  render  the  device  useful  for  motor 
airships,  the  top  and  bottom  of  it  are  pro- 
vided with  a  wire  gauze  as  shields  against 
the  vertical  current  caused  by  the  propeller. 
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The  Chuck  for  Drilling 

SPECIAL  TOOLS  FOR   ROTATING 
AIR    DRILLS 

In  the  accompanyin<i:  cut.  reproduced  from 
the  Afucriccui  Machinist,  are  shown  in  com- 
plete detail  some  special  tools  invented  by 
Mr.  William  D.  White  and  used  with  great 
success  in  the  Montreal  shops  of  the  Cana- 
dian  Pacific  Railway. 

At  the  time  of  their  production  this  road 
was  engaged  in  the  work  of  replugging  the 
numerous  gas  tanks  carried  underneath  its 
passenger  cars.  Each  tank  contained  from 
fifty  to  seventy-five  ^-inch  holes,  which  were 
formerly  filled  with  lead  as  a  preventive  of 
explosion  in  case  of  fire.  On  the  introduc- 
tion of  a  new  nonexplosive  gas,  the  lead- 
plugged  holes  in  the  tank  had  to  be  replaced 
with  brass  plugs. 

This  represented  no  small  amount  of  work, 
as  there  was  a  large  number  of  cars  with 
two  tanks  each. 

The  lead  was  first  drilled  out  of  each  hole 
by  means  of  the  air  drill,  and  tapped  with  a 
J4-inch  pipe  tap.  The  plugs,  made  of  7/16- 
inch  diameter  brass  bar  cut  ofif  i  inch  long 
and  threaded  one-half  their  length,  were 
next  inserted  in  the  holes  by  one  man,  while 
the  second  followed  with  an  air  drill  and  the 
chuck,  Fig.   I. 

In  Fig.  I,  A  is  the  body  proper,  and  B  the 
shank  with  a  proextension  at  the  side,  into 
which  is  fastened  the  post  D.  The  eccentric 
gripping  piece  C  is  made  of  cast  steel  and 
hardened.      Pin   H  holds  the   shank  B  to  the 


Fig  2 

The  Clttinc-off  Tool 
body    of    the    chuck    by    engaging    the    groove 
cut  on  the  proextension  of  the  body  A. 

The  spring  G,  being  fastened  at  one  end 
to  the  shank,  B,  and  at  the;  other  to  the  post 
on  the  body  of  the  chuck,  causes  the  shank  B 
to  be  carried  to  the  left  and  the  eccentric 
gripping  piece  C  with  it  by  means  of  the  post 
D.  Thus  the  chuck  is  always  held  open  to 
receive  the  end  of  the  brass  plug  M.  In 
operation,  the  shank  B  is  carried  to  the  right, 
thus  causing  the  eccentric  gripper  to  grip  the 
end  of  the  plug  inserted  in  the  chuck.  The 
hardened-steel  piece  F  also  assists  in  gripping 
and  holding  the  work. 

After  the  plugs  are  screwed  in,  the  pro- 
jecting end  is  cut  ofif  by  means  of  the  tool 
shown  in  Fig.  2.  This  is  accomplished  by  a 
downward  pressure  on  the  air  drill  as  the 
tool  is  driven  by  it  and  revolves  around  the  end 
of  the  brass  plug.  The  cutter  held  in  the 
sliding  bar  B  is  forced  against  the  plug  until 
the  corner  of  the  cutter  reaches  the  center, 
when  the  plug  is  cut  ofif  flush  with  the  tank. 
The  lever  D  serves  to  engage  the  shank  C 
with  siding  bar  B.  Thus  a  vertical  recip- 
rocating movement  of  the  shank  C  causes  a 
horizontal  reciprocating  movement  in  sliding 
bar  B. 

The  spring  /  serves  to  hold  the  tool  open 
to  receive  the  work.  The  pin  /  holds  the 
shank  C  on  the  body  of  the  chuck  and  also 
prevents  it  from  turning  on  its  pivot. 

Two  men  turned  out  16  tanks  a  day  with 
these  tools,  whereas  four  men  without  the 
tools  turned  out  only  four  tanks  per  day. 
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PNEUMATIC    FEED    FOR  AIR  DRILLS 

By  F,  G.  Goddard. 

This  device  was  designed  for  drilling  loco- 
motive saddle  bolt  holes  in  the  erecting  shop 
after  the  boiler  is  in  place,  at  as  high  a  rate 
of  speed  as  could  be  obtained  in  the  ma- 
chine shop  on  a  radial  drill.  A  small  air  cyl- 
inder fitted  with  piston,  guide-bars  and  cross- 
head  is  attached  to  an  air  motor  by  means  of  a 
coupling,  Fig.  2,  screwed  into  the  motor  in 
place  of  the  usual  feed  screw.  This  coupling 
is  also  attached  to  the  end  of  the  guide-bars 
in  such  a  way  that  the  motor  is  free  to  rotate 
on  its  axis,  this  condition  being  necessary  to 
relieve  the  guide-bars  of  all  twisting  strain 
when  drilling 

When  in  operation,  a  2  inch  round  bar  or 
pipe  of  extra  heavy  section  is  rigidly  stayed 
in  the  centre  of  the  smokebox  by  means  of 
two  spiders.  Fig.  3;  the  motor  and  cylinder 
being  suspended  between  the  spiders  on  the 
bar  which  passes  through  a  2  inch  hole  in  the 
crosshead.  The  air  supply  to  the  cylinder  is 
tapped  off  the  motor  supply  by  means  of  a 
tee  and  short  length  of  hose  to  a  three-way 
cock  on  the  cylinder.  It  can  be  manipulated 
to  give  exactly  the  requisite  amount  of  pres- 
sure to  feed  the  drill,  or  on  being  reversed, 
backs  the  drill  out  of  the  hole.  As  the 
crosshead  and  piston  are  attached  to  the  2 
inch  bar,  they  remain  stationary  when  air  is 
applied ;  but  the  cylinder  moves  either  up  or 
down,  and  with  it  the  guide-bars  and  air  mo- 
tor. It  will  be  noticed  that  every  hole  thus 
drilled  is  perfectly  radial  from  centre  of  the 


smokebox.  The  apparatus  was  so  designed 
that  drills  of  average  length  could  be  used 
in  smokeboxes  of  the  smallest  diameter;  con- 
sequently in  those  of  larger  diameter  drill 
sockets  or  extensions  must  be  used  to  make 
up  the  length,  so  that  the  point  of  the  drill 
swings  I  or  2  inches  clear  of  the  inside  of  the 
smokebox  when  in  the  back-up  position. 

When  drilling,  the  motor  should  be  at  its 
full  speed  before  any  feeding  pressure  is  ap- 
plied, and  a  chalk  mark  should  be  put  on  the 
drill  to  show  when  it  is  about  to  point  through 
the  outside  of  tLe  saddle,  at  which  juncture 
the  air  feed  must  be  shut  off  and  the  drill  al- 
lowed to  go  through  by  its  own  weight,  other- 
wise it  is  liable  to  jam  or  break  the  point  of 
the  drill.     If  properly  handled  and  using  high 
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FIG    3 

speed  drills,  saddle-bolt  holes  can  be  drilled 
in  this  manner  at  the  rate  of  one  every  1% 
to  2  minutes,  and  the  time  required  to  change 
from  one  hole  to  another  is  but  a  few  seconds. 
The  device  was  originally  intended  for  use  in 
the  case  of  new  cylinders  being  applied  to  a 
repair  engine,  but  it  was  afterwards  found 
that  a  great  saving  in  time  could  be  effected 
in  the  case  of  new  engines,  by  punching  the 
holes  in  the  smokebox,  before  rolling,  and 
then  drilling  the  saddle  as  described  after  the 
boiler  is  in  place  on  the  cylinders.     It  has  also 
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been   used   to   advantage    for   drilliiijj  out   old 
saddlo-bolts    wlien    strippinjj:   boikrs. 

The  correct  size  of  cylimlcr  was  only  ar- 
rived at  after  one  of  two  trials.  Finally,  a 
diameter  of  5  incbes,  witb  an  air  pressure  of 
70  to  80  pounds  was  found  to  give  a  fairly 
heavy  feed  to  higb  speed  drills  up  to  V/2 
incbes  diameter.  The  stroke  of  tbc  cylinder 
is  8  incbes. — Canadian  Machirn'ry. 


THE  PULLMAN  PORTER  DERANGES 
THE  AIR  BRAKE 

riie  following  is  taken  from  a  collection  of 
"Old  Lino  Railroad  Reminiscences,"  by  S.  J. 
Kidder,  in  Railroad  a)id  lAH'tnnot'wc  Rngin- 
ccriug  : 

On  several  occasions  an  express  train  had 
been  stopped  by  an  apparently  unexplainable 
application  of  the  brakes,  the  brakes  releas- 
ing after  the  stop  and  giving  no  further  trou- 
ble during  the  trip.  Three  times  this  had 
occurred  on  the  same  railroad  and  train  be- 
fore it  had  come  to  my  attention,  and  I  at 
once  started  out  on  a  still  hunt  during  which 
it  was  learned  that  Pullman  car  "Wyoming" 
had  been  in  the  train  each  time  the  trouble 
was  experienced  and  with  the  same  porter 
accompanying  the  car. 

This  was  in  the  early  days  of  employing 
the  water  raising  sy^em  on  Pullmans,  the  air 
for  the  system  being  taken  direct  from  the 
air  pipe,  the  control  of  the  air  passing  from 
the  brake  pipe  to  the  large  air  reservoir  be- 
ing governed  by  a  globe  valve  located  in  the 
w^ashroom,  under  the  basin.  To  avoid  pos- 
sible interference  with  the  air  brakes  a  notice 
addressed  to  porters  was  posted  in  the  room, 
this  notice  being  to  the  effect  that  the  w^ater 
system  should  never  be  charged,  except  when 
the  train  was  making  a  long  stop,  such  as  a 
station  where  the  passengers  were  taking  a 
meal.  Believing  I  was  on  the  right  trail,  I 
accompanied  the  "Wyoming"  on  its  next  trip. 
Getting  along  quite  late  in  the  night  others 
deserted  the  smoking  room,  leaving  me  the 
sole  occupant,  and  after  a  time  the  porter 
came  in  with  his  shoe-shining  outfit,  when  I 
began  making  inquiries  regarding  the  water 
system.  What  made  the  water  flow  from  the 
faucets  so  freely,  etc.,  all  of  which  the  porter 
explained,  and,  among  other  things,  he  stated 
if  the  water  did  not  come  out  fast  enough 
he  just  opened  up  the  valve  and  filled  every- 
thing with   air. 


"Don't  you  porters  ever  have  that  hungry 
feeling  when  the  train  is  standing  at  an  eat- 
ing station,  as  well  as  the  passengers,"  I 
asked. 

"Sure,  1  does,  boss;  I  always  carries  my 
appetite  along  with  me,"  he  replied. 

"1  should  think  you  would  want  to  reach 
the  lunch  counter  when  meals  are  being 
served   as  well  as  the  others." 

"1  don't  go  without  my  feed,  no  Sar.  T 
just  sneaks  out  here  when  there  ain't  no 
smoking  gentlemen,  and  turn  that  wheel,  and 
no  one  don't  know  anything  about  it.  I  has 
just  done  been  in  this  business  too  long  to 
lose  my  fodder." 

"If  no  one  knows  anything  about  your  fix- 
ing up  the  water  outfit,  why  is  it  that  the 
train  sometimes  stops  when  you  open  that 
valve  :^" 

"That's  the  funny  thing  about  it,  boss. 
When  the  train  stopped,  I  done  shet  up  that 
wheel  and  got  ofif,  and  while  we  was  hunting 
for  the  trouble  the  brakes  all  blowed  off." 

I  then  called  his  attention  to  the  notice,  ex- 
plaining to  him  that  the  opening  of  the  valve 
was  the  cause  of  the  train  stopping  and,  of 
course,  would  have  to  make  out  a  report  to- 
that  effect. 

Upon  making  this  statement  his  eyes 
bulged,  and  throwing  up  his  hands,  he  ex- 
claimed, "For  the  goodness  sake.  Was  that  me 
making  that  train  stop?"  Then  he  began  sup- 
plicating that  he  would  lose  his  job,  saying 
if  I  would  not  report  him  he  never  again 
would  disobey  the  rules  governing  the  manipu- 
lation of  that  globe  valve,  a  promise  I  gave 
with  the  proviso  that  he  should  explain  to  the 
other  porters  the  danger  of  charging  the  wa- 
ter raising  system  when  the  train  was  in  mo- 
tion, a  promise  he  faithfully  carried  out. 

For  reasons  such  as  the  one  here  recited 
the  development  of  valves  ta  automatically 
maintain  the  desired  pressure  in  the  water 
distributing  system  resulted,  thus  removing 
any  liability  of  interfering  with  the  action 
of  the  air  brakes. 


A  simple  muffler  for  a  gas  engine  may 
be  made  by  leading  the  exhaust  pipe  into  the 
bottom  of  a  barrel,  filling  the  barrel  w'ith 
scrap  tin.  and  putting  in  the  head,  through 
which  a  hole  is  cut  for  the  outlet  pipe.  The 
tin  breaks  up  the  sound  waves,  and  thus  the 
noise  is  muffled. 
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PNEUMATIC  TOOL  PROGRESS 

A  "pneumatic  tool,"  taken  individually,  is 
nothing  very  formidable  to  look  at,  and  hard- 
ly suggests  the  revolutionary  effects  follow- 
ing the  general  introduction  of  the  class  of 
devices  which  it  represents.  Only  a  few  years 
ago  lists  were  being  made  up  of  the  various 
tasks  which  compressed  air  was  imdertaking 
and  most  successfully  accomplishing  in  prac- 
tically all  lines  of  human  activity,  but  the  list 
became  so  large  and  was  growing  so  rapid- 
ly that  the  enumerators  could  not  keep  up 
with  the  times  and  the  sport  was  dropped.  It 
would  now  be  almost  as  discouraging  to  try 
to  mention  all  the  employments  of  the  pneu- 
matic tool  alone,  although  it  is  only  a  single 
item  of  the  compressed   air  kit. 

The  pneumatic  tool  is  transforming  the  old- 
time  trades  so  that  the  highly  developed  skill 
of  the  workman  so  requisite  in  many  of 
them  is  now  a  thing  of  the  past,  and  the 
workman  himself  is  displaced  by  the  opera- 
tor. One  of  the  most  tedious  and  constant 
of  the  tasks  of  the  machinist  of  the  olden 
time  was  the  chipping  of  iron,  generally  cast 
iron ;  this  the  pneumatic  tool  now  does  so 
much  quicker  and  cheaper,  also  smoother  and 
better,  that  the  knack  of  doing  it  by  hand  is 
likely  to  be  forgotten.  The  rolling  up  of 
long,  unbroken  chips  or  shavings  of  soft  steel, 
which  the  pusher  of  the  pneumatic  chisel  of- 
ten can  show,  is  a  new  art  to  replace  some 
one  of  those  sentimentally  lamented  as  "lost." 
Requiring  more  muscle  but  less  skill,  per- 
haps, was  the  pulling  of  the  ratchet  drill  and 
the  tap-wrench,  which  also  the  machinist  is 
now  pneumatically  released  from. 

The  trade  of  the  boiler  maker  has  been  en- 
tirely transformed  by  the  pneumatic  tools 
which  have  been  put  into  his  hand  until  there 
is  scarcely  a  straight  hand-work  operation 
surviving.  Probably  few  realize  the  skill  of 
the  expert  boiler  maker  in  "driving"  the  hot 
rivets  by  hand  and  producing  the  beautiful, 
smooth,  symmetrical,  conical  heads.  Such 
skill  may  become  a  tradition  and  then  a  myth. 
The  machined  or  pneumatic-tooled  rivets  are 
better  to  look  at,  after  all. 

The  noise  of  the  hammer  has  not  been 
eliminated,  but  little  else  survives,  and  we 
hear  it  constantly  as  the  skyscrapers  are  go- 
ing up.  The  rapidity  with  which  the  steel 
skeletons  grow  is  due  to  the  pneumatic  rivet- 
ers, as  well  as  to  the  derricks. 
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I  land  hamiiUTiiiK  lhri)iiKlii>nt  tlu-  tradcN. 
from  tlu-  tlrivinj4'  of  nails  to  tiic  forciuK  i"l" 
place  of  heavy  pins  and  holts  in  machine 
erectinj^'.  is  hecominj^  a  "has  heen."  and  the 
mutilatm.u  dents  i>f  the  hand  hammer  need 
no   lonj^er    he    toKiati'd. 

The  i)nenmatic  hammvr  is  not  mc^rc  efTi 
cicnt.  and  nltimately  is  not  more  a  necessity 
ill  the  metal  trades,  than  in  the  other  indus- 
tries where  skillful  or  luerely  persistent  ap- 
plications oi  fiuce  io  cutting?  tools  in  detail 
is  required.  Stone  carvinjif  is  one  of  its 
greatest  successes,  the  most  delicate  and  ditti- 
cult  desij.>ns  of  the  sculptor  heinj?  repro- 
duced in  tiranite  or  marhle  with  a  facility 
which  the  ancients  could  not  have  dreamed 
of.  The  stone-cutting  ahility  is  now  found 
just  as  handy  and  valuahle  in  cutting  asphalt, 
concrete  or  macadam  where  street  pavements 
are  to  he  torn  up  for  any  of  the  modern 
''improvements." 

The  percussive  pneumatic  tool  follows  in 
principle  the  hand  operation,  the  chisel  or 
other  bit  being  held  tight  against  the  work 
and  the  hammer  blows  being  showered  upon 
the  head  of  it.  It  is  curious  that  the  first, 
and  now  estabHshed,  pneumatically-operated 
rock  drills  radically  departed  from  this  idea, 
the  cutting  bit  and  the  hammer  all  recipro- 
cating and  striking  the  blow  together.  These 
drills,  as  we  know,  have  been  a  success  the 
world  over;  but  later  the  pneumatic  tool,  em- 
bodying the  primitive  idea,  has  been  replac- 
ing them  among  the  miners,  and  none  can 
sav  what  will  be  the  end  of  it. 


chanj.;!.'^  and  n<>t  ilu  nuTe  "1  ihM)K-scencc"  of 
the  ek-meiUs  of  the  power  plant.  (  )ther  lines 
of  industry,  not  exceptinj^  the  business  of  fur- 
nishing electric  current,  ha\i-  exhibited  simi- 
lar crises   in   tluir  developnunt. 


AMERICAN  BLOWING  ENGINE 
PROGRESS 

Twenty  years  ago  the  simple  vertical,  long 
crosshead  type  of  blowing  engine  was  in- 
stalled at  a  group  of  four  blast  furnaces. 
About  eight  years  after,  half  the  group  of 
engines  were  replaced  by  larger  machines 
w^ith  large  steam  cylinders,  so  as  to  operate 
them  as  disconnected  compound  units.  In 
fifteen  years'  time  from  the  start  they  w^ere 
superseded  by  improved  forms  of  compound 
engines.  About  tw^o  years  ago  the  new  en- 
gines were  assisted  by  gas-driven  blowing  en- 
gines using  blast-furnace  gas,  with  the  im- 
plied intention  of  displacing  all  steam  blow- 
ing engines.  Now^  arises  the  specter  of  the 
turbine-driven  blower.  Fundamental  changes 
Jn  the  iron  and  steel  business  imposed   these 


INCREASE   IN     USE  OF  COAL  MINING 
MACHINES 

According  to  \:.  W.  l*arker,  of  the  United 
States  Geological  Survey,  174,012,293  short 
tons,  or  41.7  per  ceiU  of  the  total  output  of 
bituminous  and  lignite  coals,  was  mined  by 
machines  in  i(;io.  This  was  an  increase  of 
J  1,5 15.415  short  tons  over  the  amount  so 
mined  in  1909.  The  munber  of  machines 
operated  in  1910  was  13.254.  The  use  of  ma- 
chines not  only  makes  the  miners'  task  easier 
but,  according  to  Mr.  Parker,  reduces  the  ten- 
dency, too  prevalent  in  many  coal-mining  dis- 
tricts, to  "shoot  from  the  solid,"  a  practice 
that  not  only  increases  the  liability  to  acci- 
dent but  produces  an  inordinate  quantity  of 
undesirable  and  unmarketable  fuel.  It  is 
gratifying  to  note,  says  Mr.  Parker,  the  steady 
increase  in  the  proportion  of  coal  mined  by 
the  use  of  machines,  for  it  indicates  a  larger 
proportion  of  coal  undercut  before  being  shot 
down. 


SOUTH  AFRICAN  DRILL  CONTEST 

The  following  letter  in  the  latest-to-hand 
issue  of  the  South  African  Mining  Journal, 
with  the  appended  note  by  the  editor  of  that 
publication,  seems  to  be  entirely  self-explana- 
tory and  will  be  read  w'ith  interest. 
To  the  Editor  South  African  Mining  Journal: 

Sir — I  enclose  a  small  circular,  entitled  "Re- 
sults of  the  Stope  Drill  Contest,"  which  from 
its  appearance  was  published  by  your  journal, 
and  quoting  from  your  issue  of  June  14th, 
1910,  this  being  circulated  in  the  United  States 
as  an  advertisement  of  the  Holman  rock  drill. 
This  was  no  doubt  unintentional,  but  the  gen- 
eral impression  is  very  misleading.  It  would 
give  one  the  impression  that  there  were  4.000 
Holman  prize-winning  drills  in  use  on  the 
Rand.  The  truth  is  that  of  all  the  various 
drills  that  entered  the  Stope  Drill  Contest 
there  are  probably  few  in  actual  use  on  the 
Rnnd  to-day,  including  the  Siskol  and  Holman 
drills,  between  whom  the  prize  money  was 
divided.  These  drills  were  all  small,  the  Hol- 
man   only   2%    ill-    diameter    of    cylinder,    and 
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only  weighed  100  lbs.  The  smallest  drills 
being  installed  on  the  Rand  to-day  have  cylin- 
to  200  lbs.  Furthermore,  this  circular  does 
ders  2^  in.  to  2^  in.,  and  weigh  from  140  lbs. 
not  mention  that  some  of  the  largest  of  the 
drill  manufacturers  did  not  enter  the  contest, 
as  they  considered  that  100  lbs.  was  too  light 
a  weight  for  a  stoping  drill,  and  therefore  did 
not  enter  the  contest  at  all.  Again,  the  fact 
that  very  few  of  these  drills  are  in  operation 
here  now,  proves  conclusively  that  this  contest 
accomplished  nothing  more  than  proving  that 
a  2%  in-  reciprocating  drill  of  the  Holman 
type  and  weight,  though  it  shared  the  prize, 
was  not  the  ideal  stope  drill  for  the  gold  minea 
of  South  Africa.  I  have  taken  the  liberty  of 
calling  this  to  your  attention,  as  I  do  not  think 
that  a  journal  of  your  standing  would  care  to 
mislead  any  mining  men  in  so  important  a 
case  as  this  is.     Yours,  etc., 

''Engineer." 

September  12,  191 1. 

[The  foregoing  letter  refers  to  a  pamphlet 
being  circulated  in  the  United  States,  claiming 
to  consist  of  extracts  from  the  South  African 
Mining  Journal  of  4th  June,  1910.  This 
pamphlet  was  not  issued  from  our  office,  does 
not  quote  us  correctly  and  has  been  published 
without  our  knowledge. — Ed.  S.  A.  M.  J.] 


SMALL  MOTORS 

We  have  received  the  first  issue  of  a  neat 
little  monthly  publication  bearing  the  above 
title  put  out  by  the  Westinghouse  Electric 
and  Manufacturing  Company,  its  scope  be- 
ing clearly  indicated  by  its  title.  It  is  de- 
voted to  the  innumerable  and  widely  diverse 
applications  of  small  electric  motors,  for  in- 
dustrial and  domestic  purposes  with  informa- 
tion and  advice  as  to  installation,  operation, 
upkeep,  etc.  It  is  to  be  destributed  to  cen- 
tral stations  and  dealers  the  first  of  every 
month. 


OUR  DIMINISHED  ATMOSPHERIC 
PRESSURE 

The  following  curious  and  rather  interest- 
ing line  of  speculation  is  to  be  credited  to 
Cosmos : 

Among  the  animals  which  people  the  earth 
we  find  representatives  of  all  sizes,  from  the 
microscopically  small  animalcule  to  the  great 
elephant.  But  within  the  limits  of  any  one 
species   the   scale   upon   which   the   individuals 


are  built  does  not  differ  very  materially;  we 
do  not,  for  example,  find  specimens  say  ten 
times   larger   than  'their   adult  congeners. 

It  is  easy  to  show  good  mechanical  and 
physical  reason  why  this  should  be  so.  Con- 
sider two  birds,  geometrically  •  similar,  such 
as  two  swallows  for  example,  and  imagine 
the  second  to  have  ten  times  the  normal  size. 
This  bird  will  then  have  all  its  linear  dimen- 
sions ten  times  as  great  as  the  normal  bird, 
while  the  surfaces  will  be  one  hundred  times 
as  great.  In  this  way  all  the  cross  sections,. 
the  thickness  of  the  muscles,  especially  of 
the  wing  muscles,  being  increased  one  hun- 
dred fold,  we  may  safely  take  it  that  the 
strength  of  the  bird  will  also  be  increased  in 
the  same  proportion.  But  on  the  other  hand, 
it  must  be  remembered  that  the  volume,  and 
hence  the  weight  of  the  body,  will  be  in- 
creased one  thousand  fold.  Thus  this  large 
swallow,  built  on  ten  times  the  normal  scale, 
would  find  itself  quite  unable  to  rise  into 
the  air  or  to  sustain  itself  there,  for  it  is 
relatively  ten  times  less  strong  than  its  con- 
geners ;  with  muscles  one  hundred  times  as 
strong  as  theirs  it  is  called  upon  to  perform 
one   thousand   times  the   work. 

As  a  matter  of  fact,  an  examination  of 
the  flight  of  different  kinds  of  birds  having 
approximately  the  same^  form  shows  that 
flight  becomes  more  and  more  difficult  as  the 
weight  increases ;  large  birds  substitute  as  far 
as  possible  sailing  flight  (which  is  the  char- 
acteristic motion  of  our  aeroplanes)  for  flap- 
ping of  wings.  Thus  the  size  of  animals  cap-, 
able  of  flight  has  an  upper  limit,  and  this 
seems  to  be  reached,  in  the  present  state  of 
nature,  by  .the  large  birds,  so  far  as  sailing 
flight  is  concerned,  and  by  the  large  insects, 
so  far  as  flight  by  wing  vibration  is  con- 
cerned. 

.■\nd  yet  in  past  ages  much  greater  animals 
have  flown.  One  reptile  of  the  group  Ptero- 
dactyl had  a  span  of  over  thirty  feet,  which 
exceeds  that  of  a  racing  Bleriot ;  this  crea- 
ture lived  during  the  cretaceous  period  and 
flew  as  far  as  90  miles  inland.  Certain  dra- 
gon flies  of  the  carboniferous  era  measured 
over  three  feet  from  tip  to  tip  of  their  out- 
spread wings.  Under  present  conditions  it 
would  be  quite  impossible  for  these  creatures 
to  fly.  The  most  natural  supposition  is  that 
in  the  times  when  these  creatures  flew  through 
the  air,  the  atmosphere  had  a  greater  density 
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than  it  lias  at  picsciU.  This  is  the  conclu- 
sion reached  hy  Mr,  Ilarle.  In  the  esliina- 
lion  c^f  this  paleontologist,  the  existence  of 
these  great  flying  animals  during  cretaceous 
and  carboniferous  times  indicates  that  atmos- 
pheric pressure  at  that  time  was  greater  than 
at  present. 


A  POLE  PRESERVING  APPARATUS 

The  life  of  wooden  poles  for  telephones, 
telegraph  and  transmission  lines  is  shortened 
by  their  rapid  decay  at  or  near  the  surface 
of  the  ground,  and  if  this  local  decay  can  be 
prevented  or  even  retarded,  the  life  of  the 
pole  is  proportionally  lengthened.  Effective 
preservatives  have  been  found  for  the  wood, 
but  painting  the  surfaces  or  even  dipping  the 
ends  of  the  poles  is  not  sufficient  and  a  porta- 
ble apparatus  has  been  devised  which  secures 
a  certain  and  effective  penetration  of  the 
fibre. 

The  machine  as  constructed  comprises  a 
platform  about  19  ft.  long  and  6  ft.  wide, 
mounted  upon  wheels  for  drawing  about,  and 
upon  this  platform  are  placed  a  steam  boiler, 
an  air  compressor  and  air  storage  tank,  a 
closed  oil  tank  with  steam  coils,  and  an  air- 
tight canvas  band  or  belt  3  ft.  wide  to  en- 
close the  portion  of  the  pole  which  is  to  be 
treated.  There  are  ^so  the  necessary  devices 
for  wrapping  the  band  about  the  pole  and 
making  it  tight.  A  pole  to  be  treated  is  rolled 
onto  the  platform  and  rests  upon  tw-o  hori- 
zontal beams  fixed  at  the  proper  height,  and 
two  segmental  stationary  rings  have  their  up- 
per halves  closed  over  the  pole.  Then  a  spin- 
dle carrying-  the  canvas  strip  is  revolved  on 
the  rings  about  the  pole,  and  a  clamping  bar 
converts  the  belt  into  a  closed  bag.  Air  pres- 
sure is  applied  to  the  edges  of  the  band  to 
close  it  around  the  pole  and  then  the  oil  is 
forced  through  a  pipe  connection  into  the  bag 
and  around  the  pole,  pressure  being  held  on 
for  any  desired  length  of  time.  Should  any 
oil  leak  b\'  the  ends  of  the  bag.  through  cracks 
or  checks  in  the  wood,  it  would  drip  into  a 
catch  basin  and  might  later  be  drained  into 
the  oil  tank.  By  reversing  the  above  oper- 
ations, the  pole  may  be  released  and  taken 
awa3'  on  the  other  side  of  the  machine.  Where 
a  large  number  of  poles  have  to  be  treated,  a 
platform  may  be  built  on  either  side  of  the 
machine,  or  any  desired  construction  made 
for    ease    in    bringing    poles    to    the    machine. 


l-'or  ;i  small  number  of  poles  in  any  one  place, 
inclined  skids  may  be  placed  on  each  side  of 
the  machine.  The  capacity  of  the  machine  is 
claimed  to  be  about  50  poles  per  day.  The 
cost  of  treating,  including  labor,  oil,  fuel  and 
fixed  charges,  is  .something  less  tli.ui  $1  for  a 
35-ft.  i)oIe.  with  a  7-in.  top. 

At  a  demonstration  of  the  process  and  ap- 
paratus, which  was  given  recently  in  Chicago, 
three  35-ft.  Michigan  cedar  poles,  cut  last 
winter,  were  treated  7,  10  and  15  minutes,  re- 
spectively, with  hot  creosote  oil,  under  an 
air  pressure  of  about  5  lbs.  With  the  10  min- 
ute treatment  an  initial  penetration  of  3/16 
in.  was  obtained,  and  in  a  few  days  this  had 
increased  to  over  5^  in.  The  treated  belt  was 
3  ft.  wide,  and  i  gallon  of  oil  was  absorbed. 

It  is  stated  that  both  the  process  and  the 
equipment  are  patented,  the  latter  being  manu- 
factured by  the  B.  &  E.  Pole  Preserving  Ma- 
chine   Company,    2014    Fisher    Building,    Chi- 


cago. 


A  WEATHER  FORECASTING    COM- 
PETITION 

The  Societe  Frangaise  de  Navigation 
Aerienne  has  decided  to  organize  a  competi- 
tion in  weather  forecasting,  which  will  extend 
over  a  period  of  two  weeks  about  the  time 
of  the  vernal  equinox  of  next  year.  This  sea- 
son was  selected  because  it  is  supposed  to  be 
characterized  by  generally  unsettled  weather, 
and  therefore  likeh^  to  afford  a  servere  test 
to  the  competitors.  An  elimination  contest, 
the  particulars  of  which  have  not  yet  been  an- 
nounced, will  precede  the  principal  competi- 
tion, its  object  being  to  shut  out  the  cranks 
and  charlatans  who  might  be  disposed  to  par- 
ticipate  in   such   an   event. 

The  idea  of  a  public  contest  in  weather 
forecasting  is  not  new^  In  the  autumn  of 
1905  a  competition  of  this  sort  was  held  b}'  the 
Societe  Beige  d'Astronomie  for  a  prize  of  5,000 
francs.  The  competitors  were  first  required 
to  make  daih^  forecasts  based  on  the  current 
weather  maps  published  at  the  various  mete- 
orological centers  of  Europe ;  these  were  sub- 
mitted b\-  telegraph  and  registered  mail  to  the 
jur\-  assembled  in  Belgium,  the  members  of 
which  were  all  well-known  meteorologists, 
viz..  Messrs.  Teisserenc  de  Bort.  Rotch,  Polis, 
Brunhes.  and  Vincent.  From  the  twenty-four 
contestants  the  seven  who  submitted  the  most 
accurate  forecasts  were  summoned  to  Liege  to 
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take  part  in  a  further  test.  Each  of  them  was 
required  to  make  a  series  of  forecasts  for 
a  twenty-four  hour  period  based  upon  seven 
weather  maps  selected  at  random  from  those 
pubHshed  by  the  French  meteorological  ser- 
vice between  the  years  1880  and  1902.  The 
jury,  having  at  hand  the  maps  for  the  days 
succeeding  those  selected,  was  able  immedi- 
ately to  verify  the  accuracy  of  the  predic- 
tions. 

This  second  test  resulted  in  the  further 
elimination  of  four  competitors,  and  the  re- 
maining three  were  then  required  to  furnish  a 
statement  of  their  methods  of  forecasting. 
The  jury  unanimously  awarded  the  prize  to 
M.  Gabriel  Guilbert,  of  Caen,  France,  both 
for  his  successful  forecasts  and  for  his  meth- 
od, which  was  then  first  made  known  to  the 
scientific  world,  and  attracted  wide  attention. 
— Scientific  American. 


SAND  SPECIALLY  MANUFACTURED 
FOR  THE  SAND  BLAST 

There  are,  as  they  say,  sands — and  sands. 
Not  all  sands  are  effective  with  the  sand 
blast,  and,  indeed,  some  would  be  perfectly 
worthless  for  the  purpose.  The  use  of  the 
sand  blast  is  constantly  increasing  and  its 
specific  applications  are  becoming  more  numer- 
ous. One  of  its  most  extensive  fields  of  ac- 
tivity is  in  the  cleaning  of  castings  in  the 
foundry.  Fabricators  of  structural  material 
are  installing  the  system  for  cleaning  sections 
before  painting  so  as  to  insure  a  clean  sur- 
face and  to  thereby  further  retard  corrosion. 
Tank  works  and  similar  manufacturing  es- 
tablishments are  likewise  installing  this  equip- 
ment and  with  the  growing  use  of  this  de- 
vice there  has  been  a  correspondingly  in- 
creased demand  for  sand  blast  sand. 

Heretofore  much  of  this  sand  has  been 
shipped  from  the  east,  where  it  is  dredged 
from  the  Atlantic  ocean.  A  large  deposit  of 
silica  rock,  which  is  unusually  well-adapted 
for,  sand-blasting  purposes  has  been  uncovered 
in  Portage  county,  Ohio.  This  deposit  is 
owned  by  the  Portage  Silica  Co.,  Youngs- 
town,  O.,  and  consists  of  practically  900  acres. 
The  rock  is  now  being  mined  by  this  concern 
and  a  large  crushing  and  disintegrating  plant, 
as  well  as  washer  and  dryer,  have  been  in- 
stalled. 

The  sand  blast  sand  can  be  furnished  in 
six    grades    adapted    for    various    classes    of 


work,  the  coarser  grade  being  specially  suitable 
for  use  in  cleaning  castings  which  are  to  be 
subsequently  enameled.  The  finer  grades  are 
adapted  for  cleaning  aluminum  and  brass 
castings,  and  other  grades  are  suitable  for 
gray  iron  and  steel  castings  and  rolled  steel 
products  of  all  kinds.  The  company's  mines 
and  sand-preparing  plant  are  located  on  the 
Erie  railroad  and  the  present  output  aver- 
ages from  400  to  500  tons  daily.  The  dryer 
installation  permits  of  the  shipment  of  dry 
sand  at  any  time  of  the  year,  thus  precluding 
the  necessity  of  "oundries  carrying  a  large 
stock  of   sand  during  the  winter  months. 


PNEUMATIC  CAISSONS  FOR  DRY 
DOCKS  IN  QUICKSAND 

The  dry-dock  construction  in  the  Brook- 
lyn navy  yard  is  one  of  those  complicated 
pieces  of  work  which  deserve  to  be  de- 
scribed by  a  literary  master  like  Kipling,  for 
the  struggle  that  is  going  on  there  between 
the  treacherous  quicksand  and  the  men  in 
charge  of  the  work  is  something  wholly  out- 
side the  ordinary  run  of  engineering  under- 
takings. Every  dry-dock  in  the  j^ard  has 
caused  its  builders  constant  worry,  but  the 
new  one  has  a  particularly  cantankerous  rec- 
ord of  disaster.  Those  who  are  unacquainted 
with  the  site  can  hardly  imagine  the  difficul- 
ties. The  place  is  underlaid  by  very  fine  ma- 
terial possessing  most  of  the  characteristics 
of  quicksand,  although  some  engineers  have 
hardly  classed  it  as  such.  Whenever  a  large 
excavation  is  made  in  it  subsidence  occurs 
in  the  vicinity.  The  earlier  contractors  on 
the  dock  conducted  the  work  in  the  open,  and 
before  they  retired  a  number  of  buildings 
in  the  vicinity  were  injured  by  the  settlement 
of  their  foundations.  Attention  has  been 
called  from  time  to  time  of  the  warning 
against  such  methods  given  years  ago  by  the 
builder  of  the  first  dry-dock  in  the  yard,  the 
late  William  J.  Mc Alpine.  His  experience 
showed  him  that  it  was  impossible  to  execute 
more  than  a  small  piece  of  the  structure  at 
a  time,  but  that  the  concrete  could  be  put  in 
piecemeal  by  concentrating  the  work  on  small 
areas.  The  new  dock,  after  a  long  record 
of  disappointments  and  tribulations,  is  now 
being  executed  in  just  this  way,  but  by  means 
which  were  outside  the  resources  of  Mr.  Mc- 
Alpine.  The  construction  of  such  a  dock  is 
essentially    a     foundation     problem,     and     the 
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work  is  now  being  executed  successfully  by 
employing'  that  most  important  resource  of 
foundation  specialists,  the  pneumatic  caisson. 
This  is  essentially  a  means  for  conccntratin^j 
construction  on  a  small  area  uiuK-r  the  most 
favorable  conditions,  and  the  work  in  pro- 
gress in  the  Brooklyn  navy  yard  is  a  singu- 
larly vivid  exemplification  of  the  progress  in 
such  matters  since  the  first  dock  was  con- 
structed. That  the  troubles  have  by  no 
means  been  wholly  overcome  is  very  prob- 
able, but  enough  of  them  have  been  encount- 
ered and  bested  to  indicate  that  the  new  dock 
can  be  constructed  without  any  more  serious 
results  to  adjacent  structures. — Engineering 
Record. 


NOTES 

Politeness  may  be  only  "hot  air,"  but  an  air 
cushion  makes  a  mighty  good  "shock  ab- 
sorber." 


Tarred-paper  gaskets  will  be  found  effect- 
ual when  an  air  or  oil  paint  persists  in  leak- 
ing. They  may  also  be  used  on  the  flange 
joints  of  an  air  compressor.  They  are  much 
better  than  lead   gaskets. 


The  cost  of  a  loft  building  of  reinforced 
concrete,  recently  completed  on  Forty-second 
street,  New  York  City,  is  reported  to  have 
been  11  cents  a  cubic  foot,  including  the  orna- 
mental front,  the  heating  plant,  lighting,  ele- 
vators and  plumbing. 


In  round  numbers  a  stream  having  a  flow 
of  one  cubic  foot  per  second  will  generate  one 
theoretical  horse-power  for  every  10  ft.  of 
fall  it  has.  Thus,  a  stream  flowing  4  cu.  ft. 
per  second,  and  having  a  fall  of  30  ft.,  could 
generate    12   theoretical   horse-power. 


The  lung  capacity  of  the  average  woman 
W'ho  does  not  wear  corsets  is  about  2800  cubic 
centimeters  or  171  cubic  inches ;  of  one  who  is 
in  the  habit  of  wearing  corsets  only  2,200  cubic 
centimeters  or  134  cubic  inches. 


A  feature  of  the  mine  safety  demonstra- 
tion at  Pittsburgh  this  month  will  be  a  par- 
ade of  miners,  with  19,927  men  in  line.  This 
is  the  number  of  men  killed  in  America  coal 
mines  during  the  last  20  years,  and  the  par- 


ade was  designed  both  as  a  mark  of  respect 
to  the  (lead  and  to  add  impressiveness  to  the 
figuns  of  nunc  fatalities. 


A  jet  of  compressed  air  directed  against 
the  heated  ends  of  work  that  is  being 
forged  will  revive  the  heat  and  also  blow 
off  all   dirt  and   scale. 


An  English  report  says  that  the  use  of 
pitch  as  a  binder  in  the  briquetting  of  coal 
has  developed  a  disease  known  as  epithelioma 
(pitch  cancer),  from  which  an  alarming  per- 
centage of  the  briquette  workers  suffer.  A 
government  inquiry  is  to  be  held,  the  result 
of  which  will  be  published  as  a  special  re- 
port. 


Screw  connections  may  be  made  tight  by 
using  powdered  shellac  dissolved  in  10  per 
cent,  ammonia.  The  mucilaginous  mass  is 
painted  over  the  screw  threads,  after  they 
have  been  thoroughly  cleaned,  and  the  fitting 
is  screwed  home.  The  ammonia  soon  vola- 
tilizes, leaving  behind  a  mass  which  hardens 
quickly,  makes  a  tight  joint,  and  is  impervi- 
ous to  hot  and  cold  water. 


The  condition  of  iron  in  lime  concrete  af- 
ter a  period  of  more  than  200  years  was  de- 
termined when  an  opening  was  made  recently 
in  the  concrete  of  the  dome  of  St. 
Paul's  Cathedral,  London.  A  large  chain 
used  for  reinforcement  at  the  base  of 
the  dome  was  found  to  be  as  bright  and  per- 
fect as  when  new.  One  reason  advanced  in  ex- 
planation of  the  condition  is  that  the  oxide 
of  iron  chemically  combines  with  the  cement, 
forming  a  covering  of  ferrite  of  calcium, 
which  is  a  protective  agent. 


It  has  been  shown  that  oil  with  a  flash 
point  of  239  deg.  Fah.  will  not  ignite  if  fired 
into  with  a  shell,  and  if  dynamite  is  exploded 
in  a  reservoir  of  this  oil,  it  only  throws  up 
jets  of  oil  which  do  not  ignite.  The  only 
dangerous  liquid  fuel  oils  are  those  which 
have  not  parted  with  their  volatile,  inflammable 
gases,  such  as  absolutely  crude  oils.  In  all 
ordinary  commercial  fuel  oils  these  portions 
are  removed,  and  the  oil  is  safe  and  contains 
no  power  of  spontaneous  combustion.  Oil 
with  a  fire  test  of  180  deg,  to  200  deg.  Fah. 
is  as  safe  as  coal,  and  it  will  not  ignite  when 
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stirred  with  a   red-hot  poker,  nor  when  hot- 
coals  are  thrown  in  it. 


One  ton  of  refrigeration  is  the  amount  of 
heat  absorbed  by  the  melting  of  2000  pounds 
of  ice  at  32  degrees  Fahrenheit  into  2000 
pounds  of  water  at  32  degrees  Fahrenheit,  or 
the  amount  of  heat  that  must  be  extracted 
from  2000  pounds  of  water  at  32  degrees 
Fahrenheit  to  reduce  it  to  2000  pounds  of 
ice  at  32  degrees  Fahrenheit,  or  2000  X  142 
:=  284,000  B.t.u. 


It  is  proposed  to  hold  a  Smoke  Abatement 
Exhibition  in  London  next  spring.  It  is  the 
outcome  of  the  success  achieved  by  recent  ex- 
hibitions in  the  country,  many  manufacturers 
having  expressed  a  desire  that  steps  should 
be  taken  to  hold  in  London  an  international 
exhibition  of  a  more  comprehensive  character 
than  is  possible  elsewhere.  The  exhibition, 
which  is  being  arranged  by  the  Coal  Smoke 
Abatement  Society,  will  be  held  at  the  Royal 
Agricultural  Hall,  and  will  last  a  fortnight. 


An  efficient  air  filter  should  be  considered 
a  necessary  part  of  the  equipment  of  every 
motor  car.  That  a  large  amount  of  dust  does 
actually  enter  the  air  inlet  pipe  has  been 
proved  by  an  experimenter  who  purposely  re- 
frained from  using  a  duster  anywhere  inside 
the  bonnet.  As  a  result,  the  whole  of  the 
mechanism  within  the  bonnet — cylinder,  mag- 
neto, carbureter,  piping,  etc. — was  thickly 
covered  with  dust;  and  as  the  inlet  pipe 
draws  its  air  supplies  from  within  the  bon- 
net it  is  obvious  that  a  large  amount  of  this 
dust  becomes  mixed  with  the  lubricating  oil 
inside  the  cylinders,  where  it  is  acting  as  a 
grinding  material  for  destroying  the  bearings 
and  the  accurate  fit  of  the  pistons  in  the  cyl- 
inders. 


The  possibilities  of  Spitzbergen  are  attract- 
ing, considerable  attention  since  the  Arctic 
Coal  Co.,  owned  by  American  capitalists,  has 
achieved  some  success  in  exploiting  the  coal 
resources  of  the  island,  which  is  located  with- 
in the  actic  circle  and  is  uninhabited  save  by 
those  engaged  in  the  mining  operations.  It 
is  stated  that  the  Arctic  Coal  Co.  shipped 
some  30,000  tons  of  coal  from  the  island  dur- 
ing the  open  season  of  navigation  which  is 
now  about  to  close,  and  expeditions  have  re- 


cently been  sent  to  Spitzbergen  by  Swedish 
and  English  capitalists  to  study  its  coal  de- 
posits and  other  resources.  It  is  a  no  man's 
land,  claimed  by  no  government  and  without 
an  owner  of  any  kind. 


The  Nepton  tunnel,  now  being  driven  in 
the  Pachuca,  Mex.,  district  will  be  one  of 
the  longest  mining  tunnels  in  the  world.  It 
will  be  over  6  miles  long  when  finished,  and 
lies  at  a  depth  of  about  1,400  ft.  below  the 
surface  of  the  city  of  Puebla.  Though  start- 
ed 18  years  ago,  only  about  2  miles  of  the 
length  has  been  finished.  The  tunnel  is  to 
drain  the  Pachuca,  mining  district  and  afford 
an  outlet  for  the  ores  of  the  different  mines. 


In  the  suction  pumping  of  water  not  only 
should  variations  of  altitude  and,  consequent- 
ly, of  air  pressure  be  taken  into  considera- 
tion, but  the  engineer  should  take  account  of 
any  decided  variations  in  the  temperature  of 
the  water.  With  the  volatilization  of  water 
the  vapor  overcomes  the  vacuum  condition 
upon  which  the  elevation  of  the  fluid  by  suc- 
tion is  dependent  and  materially  reduces  the 
possible  head  at  which  the  pumping  is  car- 
ried on.  It  has  been  computed  that  at  a  wa- 
ter temperature  of  180  degrees  F.  at  sea  level 
a  safe  suction  head  is  less  than  13  ft.,  while 
with  the  same  temperature  of  water  at  an 
altitude  of  5,000  ft.  the  safe  head  is  8.2  ft, 
compared  with  a  head  of  20.5  ft.  at  60  de- 
grees F.  and  an  altitude  of  5,000  ft. 


In  breathing  ordinary  air  a  man  consumes 
from  10  to  35  per  cent,  of  the  oxygen  that 
passes  into  his  lungs;  the  rest  he  exhales 
with  the  nitrogen  he  inhaled  and  the  carbon 
dioxide  produced  in  his  lungs.  The  exhaled 
breath  contains  2.6  to  6.6  per  cent,  of  the 
suffocating  gas  carbon  dioxide,  or  an  aver- 
age of  about  4  per  cent.  The  percentage  does 
not  change  much,  whether  the  air  breathed 
contains  a  high  or  a  low  percentage  of  oxy- 
gen, so  long  as  a  man  breathes  freely.  But 
when  a  man  breathes  air  that  contains  as 
much  as  5  per  cent,  of  carbon  dioxide,  even 
if  it  contains  a  high  precentage  of  oxygen 
also,  he  begins  to  breathe  with  effort,  his 
head  aches,  he  feels  dizzy,  and  he  may  have 
pains    in    the    chest.      The    same    difficulty    in 
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breathing  may  be  felt  wbtn  a  man  breathes 
air  contaiiiiiij?  as  little  as  14  per  cent,  oi 
oxygen.  Air  that  contains  10  per  cent,  of 
oxygen  is  extremely  dangerous,  for  it  will 
qnickly   suffocate  anyone   breatbing   it. 


lIUUKItT         WlNKLKR, 

KNGINE.    Dick 
JOdwaud       a. 


LATEST   U.   S.   PATENTS 

Full  specifications  and  drazvings  of  any  pat- 
ent may  be  obtained  by  sending  five  cents  {not 
stamps)  to  the  Commissioner  of  Patents, 
IVashington,  D.   C. 

SEPTEMBKR    5. 

1,002.249.      ELECTRICAL   OXIDATION   OF  NI- 
TROGEN.     Caut>eton   Ellts.   Montclalr.    N.   J. 
1.002.29.'i.      AIR    COMPRESSOR    AND    DISTRI- 


1.002.618.      AIR- FILTER. 

Mo.scciw,    Jtus.siii. 
l.(»»»2,7:{y.      COMI'inOSSED-AIIt 

l(.    MUHIlAV.    I  lou.slon,    'J'(X. 
l,(Mli:.7G(».      AlK-COM  I'ltESSOK. 
I{ix.   Sail    Francisco,   Cul, 

1.  In  iin  air  coinprcs.sor,  llic  combination 
with  a  cylliuit  r  liavliiK^  an  eduction  valve  at  its 
upprr  fiid  .uhI  two  aiiiuilar  series  of  Inlet  i)ort8 
at  an  iiittriin<liale  point,  spaced  ajjart  l(»nKl- 
tndinaliy  of  the  cylinder,  of  a  crank  shaft,  a 
coiuK'ct  iiiK  rod  and  a  piston  inovahle  down- 
wardly to  open  the  upper  series  of  inlet  ports 
above  the  pl.ston  and  having'  a  peripheral  air 
(•hanil)er  open  to  the  inlet  ports  In  all  positions 
(if  the  i)iston  when  the  inlet  ports  are  not  open 
to  cylinder,  whereby  the  inlet  ports  arc;  nevc^r 
closed  by  the  piston,  and  an  upwardly  opening 
valve  in  the  i)iston  through  which  air  pas.ses 
from  the  perijiheral  chamber  to  the  cylinder. 
1.002.770.  UNLOADING  DEVICE  FOR  COM- 
PRESSORS. Caul  G.  Sprado,  Milwaukee, 
Wis. 

1,002.814.      BAROMETRIC  CONDENSER.  RoTAL 
D.    ToMLiNSON.    Milwaukee,    Wis. 


Pnlu.matic  Patents,  septkmher  5 


DEVICE. 
Pa. 
Frank    Kex- 


BUTER.      :\iiCHAEL   G.    McGuire.    Chicago,    111. 
1,002.324.      VACUUM        CLEANING        DEVICE. 
George   James    Sheppard   and   Henry   Frank- 
lin  Adams.   Montreal,,   Quebec,   Canada. 
1,002.465.      ENGINE-STARTING 
Gregory  J.    Spohrer,   Franklin, 
1.002.521.      VACUUM-CLEANER. 

NEY.    Portland.    Oreg. 
1,002.556.     PNEUMATIC    ELEVATOR.      George 
Bernert  and   Jacob   Berxert,    South   German- 
town.  Wis. 
1,002,570.      TREATMENT       OF       PETROLEUM. 
Jesse   A.    Dubbs,    Santa   Monica.    Cal. 
The  method  of  treating  petroleum  to  dry,  and 
free     the    same    from    water,     distil    or    produce 
asphalt     therefrom,     consisting     in     continuously 
causing  the  petroleum  to  drop,   in   vacuo,  in  the 
presence    of    ascending    currents    of    combustion 
gases    to    drive    off    the    lighter    products    from 
each  of  said  drops  while  in  suspension  and  col- 
lecting   the    asphaltic    residuum    below    the    heat 
zone,   the  size  of  the  drops  being  varied  accord- 
ing   to    the    ascending   heat    and    to    the    product 
desired. 

1.002.576-7-S.  APPARATUS  FOR  DRYING 
AIR  BY  REFRIGERATION.  James  Gayley, 
New  York,   N.   T. 


SEPTEMBER    12. 

1,002,821-2-3.  PNEUMATIC  SPRING  DEVICE. 
Irving  Cowles  and  Ernest  H.  MacDowell, 
South    Haven,    Mich. 

1,002,905.  HUMIDIFYING  APPARATUS.  Al- 
bert  J.    Dronsfield,    Providence.    R.   I. 

1.002,917.     LUBRICATOR.  Starky       Daniel 

Jones,   Georgetown,   Colo. 

1,002.943.  AIR-ENGINE  PLANT.  Magloire 
Thibault  and  Michael  Sam  wold,  Ottawa, 
Ontario,    Canada. 

1.002,971.  COMBINED  SPEED-REGULATING 
AIR-CUSHION  AND  EMERGENCY  JAR- 
RING DEVICE.  Robert  M.  Downie,  Beaver 
Falls,  and  James  L.  Downie,  Downieville,  Pa. 

1.003,005.  BLOW^ER  FOR  BOILERS.  Alfred 
G.    Mattsson,    Detroit,    Mich. 

1,003,012.  RIVETING  AND  CALKING  MA- 
CHINE.    Clark   J.    Smith,   Ottumwa.   Iowa. 

1.003.018.  DRILLING-MACHINE.  Daniel 
Shaw"    Waugh,     Denver    Colo. 

1,003.075.  DUST-COLLECTOR  FOR  ROCK- 
DRILLS.  Charles  Solomon  Wahlstrom. 
Wallstreet,   Colo. 

1,003,089.      APPARATUS     FOR     RECOVERING 

SOLVENT    VAPORS    FROM    AIR,    &c.       An- 
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TOiNE  CoLLARD.  Moleiibeek,  near  Brussels, 
Belgium. 

1,003,122.  AIR-PUMP.  Ira  Pasley,  Olds,  Al- 
berta,   Canada. 

1,003,129.  AIR-COOLING  APPARATUS.  Fred- 
erick    WiTTENMEIER,     CllicagO,      111. 

1.003,154.  PNEUMATIC  HAMMER.  Robert  T. 
Scott.    Chicago,    111. 

1,003.163.  PRESSURE-GOVERNOR  FOR 
PUMPS.      Walter  V.   Turner,   Edgewood,   Pa. 

1,003,229.  DIFFERENTIAL-PRESSURE  GAGE. 
William    H.    Bristol.    Waterbury,    Conn. 

1,003,260.  DUST  PREVENTER  FOR  STONE- 
WORKING-TOOLS.  William  H.  Holden 
and   Edward   M.    Tobin,   Barre.    Vt. 

1,003,279.  PNEUMATIC  PIANO-PLAYER. 
William  Gipford  McArthur,  New  York,  N.  Y. 


SEPTEMBER    19. 

1.003.312-3.     VALVE.        Charles     R.      Ballard, 

Midway,    Pa. 

1.  A  self  contained  valve  for  compressors, 
pumps  and  the  like,  comprising  a  casing  pro- 
vided at  its  inner  end  with  a  valve  seat  and 
with  means  for  attachment  to  the  cylinder  and 
having  ports  in  its  side  walls  and  provided  with 
an  internal  shoulder,  a  valve  co-operating  with 
the  valve  seat  and  provided  with  an  outwardly 
extending  stem,  a  bushing  rotatably  adjustable 
in  said  casing  and  provided  with  an  axial  bore 
in  which  the  valve  stem  is  slidable  and  with  an 
enlarged  part  contacting  directly  with  the 
shoulder  in  the  casing,  a  valve  cap  threaded  into 


1.003  542 
P.MUMA'JIC    PaTE.N'I?,  hFI'T  I- MHI  R    19 
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aiul  cl»»slnK  tl>o  outiM'  ond  of  said  oafiinff  iiiid 
bciiriiiK:  (llitrlly  ajfalnst  tho  bushiiiK  ;ind  cliiiiip- 
InK  tlu'  latttT  .mraiiist  the  intiTiiJil  shouidtT  In 
tlu*  casliiji.  and  a  spring  arrangt'd  to  hold  s:ild 
valve  to   its  seat. 

1,00:{.471.  MACniNlO  FOR  MANri'WCTUll- 
INtl  (ILASS  BOTTF.KS.  JARS  AND  THIC 
IJKIO.  l-'KKnKUiCK  William  Knowlks  and 
(Jkokuk  William  In  man,  Thornhlll  Ler.s,  near 
I>e\vsbui\\',    I'hi^jlaiul. 

I.      A  ^lass   blowing  machine  coinprislntj  a  ro- 
tatable   frame,    a    dlvlsable   parlson   mold   and   an 
air   eyllndt>r    mounttHi   on    the   frame,    mechanism 
operatt>d    from    the    cylinder    for    separating    the 
mold,     an    air    snpply    pipe    connected    with     the 
blowing  shell  of  the  molds,  a  pressure  pipe  com- 
mimicating  with   an   annular  passage   formed   In 
the  journal  of  the  fratne.  and  conduits  connecting 
the   amiulav   passage   with    the   air    cvllnder. 
1,003,542.      CENTRIFUGAL,   PUMP    OR    BLOW- 
ER.    JosErii  J.   Stoktzel,  Chicago,  111. 
1.003.579.     PNEUMATIC    CUSHION    FOR    VE- 
HICLES.    George  J.   Bancroft,  Denver,  Colo. 
1,003.603.     TRAIN-HEATING     SYSTEM.       Wil- 
liam John  Hatch,  Montreal.  Quebec,  Canada. 
l,003,6r.l-2-3.     DOOR-CHECK.    Joseph    Charles 
Reoan,   Stamford,  Conn. 


1.004,020.     GLASS-liLOWINc;    MACHINE.    LUD- 

WKJ   Grote,    London.    lOngljind. 
1, 004.043.      AUTOMATIC    AIR-TORPEDO.     OXTO 
A.    Lanoos,    Chicago,    III. 

1.  An  automatic  air  torjH'do.  comprising  a 
cylinder  having  an  outlet  port.  me.'iriH  adapted 
to  clamp  the  ribbon  onto  said  port,  means 
adapted  to  compress  air  In  the  cylinder  and 
burst  the  ribbon  al)ove  the  port,  and  means  for 
automatically  feeding  the  ribbon  across  the  port. 
1,004,110-1.  PRESSURE-CONTROL  APPARA- 
TUS FOR  FLUID  PRESSURIO  BRAKES. 
Walter    V.    Turner,    Edgewood,    Pa. 

1,004,177.  TRACK-SANDER  I'^OR  LOCOMO- 
TIVES. Richard  Kett,  Denver,  Colo. 
1.  In  a  track  sander,  the  combination  with  a 
.sand  receptacle,  means  for  supplying  air  to  the 
receptacle  under  pressure,  and  a  tube  In  com- 
munication with  the  source  of  air  supply  and 
extc^ndlng  upwardly  into  the  receptacle  and  hav- 
ing Its  upper  extremity  bent  downwardly  for 
initially  discharging  air  Into  the  receptacle  for 
sand  agitating  purposes,  and  conduits  connected 
with  the  receptacle  for  delivering  sand  to  the 
track  rails,  substantially  as  described. 
1,004,213.     DEVICE    FOR    REGULATING   THE 


Pneu.ma'iic  Pate 

1,003,661.  WIND-MOTOR.  Charles  E.  Shaf- 
fer,   Morrill,    Nebr. 

1,003,827.  ART  OF  DRYING  AND  POLISH- 
ING. Frederick  A.  Tolhurst,  New  York, 
N.  Y. 

1,003,935.  COMBINED  RESPIRATOR  AND 
PRESSURE  EQUALIZER.  WILLIAM  F.  Mer- 
ryman,    Denver,   Col. 

1,003,945-6.  PNEUMATIC  WATER-ELEVA- 
TOR.    Benjamin  R.  Pilcher,  Dothan,  Ala. 

1,003,953.  BELL-RINGER.  Frank  Simons, 
St.  Louis.   Mo. 

SEPTEMBER   26. 

1,003,990.     RETARDED-RELEASE      VALVE. 

John   S.   Custer,   Pittsburgh,   Pa. 
1,004,000.     FLUID-PRESSURE      BRAKE      DE- 
VICE.    Edwin  A.  Emery,  St.  Loais,  Mo. 
1.     In  a  fluid  pressure  brake,  the  combination 
with  a  brake   cylinder  and   means   for   charging 
the   air   in   the   brake   system   wath    a    lubricant, 
of   means    for    conveying    the    exhaust    air    from 
the  brake  cylinder  to  the   chamber   at  the   non- 
pressure  side  of  the  brake  piston. 
1,004,006.     RiLIL-LUBRICATOR.         Frank       S. 
Freeman  and  Fred  L.   Doke,   Corsicana,   Tex. 
1,004,016.     PNEUMATIC     CONTROL     DEVICE. 
Leland  p.  Goodspeed,  Milw^auke,  Wis. 


NTS,  September  26 

SPEED    OF    PNEUMATIC    MOTORS.      Louis 
W.    Sothgate,    Worcester,    Mass. 
1,004,216.     AUTOMATIC     RETAINER.       Edwin 

M.    Swift,    Seattle,   Wash. 
1,004,257-8-9.     PROCESS     OF     MANUFACTUR- 
ING     GLASS      VACUUM-WALL      BOTTLES. 
Orlando   J.    W.    Higbee,    Pittsburgh,    Pa. 
1,004,278.     AIR-PUMP.       Daniel     IClein,     Spo- 
kane, Wash. 
1,004,468.     METHOD    OP    DRYING    AIR.      Irv- 
ing    H.     Reynolds     and     Fred     E.     Norton, 
Youngstown,  Ohio. 

1.  The  method  of  extracting  moisture  from 
air,  which  consists  in  compressing  the  air; 
bringing  the  same  while  in  its  compressed  state 
into  contact  with  a  surface  the  temperature  of 
which  is  materially  lower  than  that  of  the  air 
and  thereby  causing  the  contained  moisture  to 
condense ;  permitting  the  dried  air  to  expand 
and  by  reason  of  its  expansion  to  lower  its  tem- 
perature ;  and  finally  employing  the  cold  air 
thus  obtained  to  lower  the  temperature  of  the 
medium   employed   to   cool   the  aforesaid   cooling 

1.004,504.     VACUUM-CLEANER.     Luther  Van 

Nette,  Bradford,  Pa. 
1,004.541.      FLUID-PRESSURE      CONTROL. 

Frederick  E.  Martin^  Bonami,  La. 
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FIG.   I.      ENTRANCE   TO  COLLEGE   OF  CITY  OF  NEW  YORK. 


SMALL  DRILLS  FOR  A  SMALL 
TUNNEL 

The  half  tones  here  shown  illustrate  one 
of  the  minor  or  incidental  compressed  air 
jobs  of  which  there  are  so  many  constantly 
coming  on  in  New  -York  City.  The  fine  build- 
ings of  the  College  of  the  City  of  New  York 
cover  a  large  area  upon  ground  a  hundred 
feet  or  so  above  the  norm.al  city  level  but  still 
Mrith  the  cellars  so  low  that  they  will  not 
drain  by  gravity  into  the  Washington  Heights 
system  of  sewers.  There  is  therefore  a  tun- 
nel being  driven  to  form  a  connection  with 
the  sewer  in  St.  Nicholas  Avenue.  From  the 
mouth  of  the  tunnel  here  shown,  which  is  in 
St.  Nicholas  Park,  the  sewer  will  be  a  cut- 
and-cover  construction,  all  in  rock,  to  St. 
Nicholas  Avenue. 


The  plant  for  the  job  comprises  an  Inger- 
soll-Rand  NF-i  steam  driven  compressor  au- 
tomatically maintaining  a  working  pressure  of 
80  pounds  and  two  Ingersoll-Rand  B-104,  25^ 
inch  drills,  each  weighing  116  pounds,  mount- 
ed on   double-screw  columns. 

The  tunnel  is  6  feet  square,  unlined.  The 
average  progress  is  50  feet  per  week  of  six 
days.  There  are  two  working  shifts,  the  first 
going  on  at  i  A.  M.  and  finishing  at  9  A.  M. 
and  the  second  starting  at  11  A.  M.  and  work- 
ing until  7  P.  M.  Each  shift  consists  of  11 
men :  2  drill  runners,  i  engineer  for  compres- 
sor, I  blacksmith  and  helper  and  6  muckers. 
The  actual  drilling  time  for  each  shift  is  4 
hours,  during  which  time  each  drill  accom- 
plishes an  average  of  50  feet  of  holes  6  feet 
deep,  starting  with  a  2  inch  bit  and  finishing 
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with  l'4  iiuli.  W'liilr  (U>ij;nr»l  for  a  diptli 
of  ()  foi't  tlu-y  will  i-asily  do  S  t'ci't.  I  Ju*  coii- 
tractor  for  this  work  is  tlu-  Thomas  Crim- 
iiiiiis    C'oinpaiiy,    of    W\v    \"orl<. 


i'lViciriu\\-  all  tiin>ii)^li  flu'  details  of  niaohinc- 
shop  i)rartirc'  that  tluTt-  iniKht  ho  sonic  <|iics- 
tioii  at  tlu-  iiionu'iil  as  to  what  most  rt'(|nircs 
to  hr  castij^att'd  for  its  (Kliii(|ncnc> ,  although 
I    have   littU-   donht    ahoiit    it. 


FIG.  2. 

COMPRESSED  AIR  THE  LAST*  DUCK 
OF   THE   MACHINIST 


By  Fkaxk  Richards. 

The  simile  of  the  last  duck  was  used  by  a 
writer  in  the  AiucriccDi  Macliinist  many  years 
ago  in  connection  with  some  other  matter. 
You  know  that  in  the  big  rivers  of  China 
there  are  many  who  live  in  boats  and  who 
keep  lots  of  ducks.  These  ducks  are  allowed 
to  swim  away  in  the  morning  and  to  be 
gone  all  day,  picking  up  their  living,  but 
they  are  all  sure  to  return  with  a  rush  when 
night  comes  or  when  the  owner  calls  them, 
because  the  last  one  is  sure  to  get  a  whipping. 

The  American  Machinist,  without  any 
formal  or  conscious  recognition  of  the  func- 
tion, has  kept  up  the  w-hipping  of  the  last 
machine-shop  duck  through  all  the  years  of 
its  existence.  The  thing  which  has  been  most 
incorrect  or  inefficient  in  practice  has  con- 
stantly been  set  right  and  urged  forward,  un- 
til now  there  is  such  a  general  uniformity  of 


'^American   Machinist. 


COMPRESSOR   HOUSE   RUNVVAV  AND   DUMP. 

In  very  recent  years  it  has  come  in  my  way 
to  cfTer  a  word  or  tw^o  here  and  there  about 
-^ompressed  air,  and  usually  in  advocacy  of  its 
general  and  more  extensive  employment.  My 
present  breaking  out  is  decidely  in  the  same 
line.  There  may  be  those  who,  when  they 
have  read  thus  far,  will  think  they  have' 
enough,  but  there  really  is  something  which 
ought  to  be  said,  and  which  should  be  heeded 
and  acted  upon  for  the  good  of  all. 

If,  at  the  present  time,  compressed  air  is 
not  the  last  duck  in  general  machine-shop- 
practice,  and  requiring  the  treatment  w^hich 
a  last  duck  should  receive,  w^here  else  is  that 
duck?  Knowing  in  a  general  way  the  capa- 
bilities of  compressed  air,  machinists  still 
have  not  fully  acquired  the  compressed-air 
habit.  They  don't  think  compressed  air.  They 
do  not  look  upon  it  as  a  working  companion, 
a  constant  helpmeet.  When  they  do  employ 
compressed  air  for  any  specific  purpose,  it  fs 
too  apt  to  be  as  a  last  resort.  There  are  some 
things,  as  we  know  quite  generally,  which 
only  compressed  air  can  do,  but  there  are 
many  other  things  w^hich  compressed  air  can 
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do  better  or  quicker  or  more  cheaply  or  with 
less  fuss  and  muss  than  they  can  be  done 
by  any  other  agency,  but  this  we  do  not  so 
fully   appreciate. 

THE    COMPRESSED    AIR    MISSIONARY. 

In  speaking  here  of  the  general  machine 
shop,  including  its  close  ally  the  blacksmith 
shop,  and  of  its  too  frequent  lack  of  proper 
appreciation  and  its  too  infrequent  employ- 
ment of  compressed  air,  both  the  manufactur- 
ing and  the  jobbing  shops  are  included,  and 
from  the  biggest  down  to  those  which  arc 
quite   small,  but  practically  all   railroad   shops 


once  made  its  way  for  other  uses  and  has 
soon  become  indispensable.  In  the  growing 
use  of  compressed  air  thus  begun,  it  has  fre- 
quently happened  that  one  air-brake  pump 
after  another  has  been  added,  until  sometimes 
a  battery  of  eight  or  ten  or  a  dozen  has  ac- 
cumulated. The  air-brake  pump,  as  is  con- 
ceded by  all,  is  an  extravagant  and  costly 
means  of  producing  compressed  air,  though 
admirably  adapted  to  the  conditions  of  its 
normal  employment.  The  steam  or  power 
cost  of  operating  several  of  these  pumps  to- 
gether has  led  to  their  replacement  by  stand- 
ard and   up-to-date   compressors,   so  that  rail- 


FIG.  3.      MOUTH   OF  TUNNEL. 


are  excluded  from  this  category,  for  in  all 
those  the  compressed  air  missionary  has  been 
located  and  has  done  its  beneficent  work  so 
thoroughly  that  it  can  never  be  undone.  There 
compressed  air  has  come  into  its  own  and 
can  never  be  dispossessed. 

This  missionary  is,  of  course,  the  air-brake 
pump.  With  these  pumps  or  compressors  al- 
ways hanging  around  ready  for  a  job  in  all 
railroad  shops,  it  has  been  the  simplest  thing 
in  the  world  to  pipe  one  up  and  to  use  the 
air  for  any  of  the  primitive  compressed  air 
devices,  as  likely  as  not  for  an  air  hoist  of 
some    type,    and    then    the    handy    air  has    at 


road  shops  are  now  among  the  best  custom- 
ers of  the  compressor  builders. 

There  has  recently  appeared  a  book  of  rail- 
road-shop kinks  of  about  300  pages,  each 
larger  than  the  page  of  the  American  Machin- 
ist, and  crowded  all  through  with  devices 
which  have  originated  in  railroad  shops. 
Among  these  is  an  astonishing  lot  of  air- 
operated  conveniences  and  contrivances,  all  in 
established  and  successful  use.  These  are  de- 
vices which  have  all  originated  in  railroad 
shops,  have  been  first  thought  of  and  worked 
up  and  applied  there.  Most  of  them  are  equal- 
ly applicable  in  all  other  machine  shops,  num- 
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hcriiig,  perhaps,  four  times  as  many  as  the 
railruad  shops  alone.  These  devices  generally 
are  not  in  the  habit  of  l>eing  born,  so  to  speak, 
ill  the  ^hops  other  than  r;iihi)acl  ^hops,  be- 
cause the  air  they  breathe  is  in  it  m)  tree  and 
plenty   there. 

The  railroad  man  regards  compressed  air 
with  confidence  from  the  begimiing,  for  he 
has  constantly  before  him  one  of  the  world's 
greatest  mechanical  successes — the  air  brake. 
As  a  consec[uence  he  need  not  waste  his  time 
in  hesitating  as  to  the  feasibility  of  any  com- 
pressed-air application  which  may  occur  to 
him.  Generally  speaking,  no  experimenting 
is  required.  As  soon  as  the  thing  is  thought 
of  it  speaks  for  itself  that  it  will  w^ork,  and 
the  only  thing  to  be  done  is  to  determine  the 
strength,  and  sizes  required  and  the  general 
arrangement   and   adaptation   of  details. 

COMPRESSED-AIR     LEAKAGE. 

With  the  air  brake  so  well  known,  and  with 
a  general  knowledge  of  its  operation  which 
every  intelligent  mechanic  must  possess,  it  re- 
mains an  inexplicable  mystery  that  there 
should  be  such  a  persistent  impression,  among 
those  who  have  had  little  directly  to  do  with 
compressed  air,  that  in  the  general  use  of  it 
there  is  a  considerable  and  constant  leakage. 
In  the  presence  of  a  modern  railway  train  it 
is  impossible  to  discuss  the  matter.  Take  a 
train  of,  say,  a  dozen  passenger  cars,  or, 
more  trying  still,  forty  or  fifty  freight  cars 
with  the  air  pipes  coupled  with  a  snap  be- 
tween each  pair  of  cars  by  a  not  over-careful 
trainman,  with  valves  and  joints  and  fittings 
in  each  car.  The  pressure  is  maintained  when 
the  train  is  running  and  rattling  along  with 
the  little  air-brake  "pump"  working  less  than 
half  its  time,  less  than  a  quarter  of  its  time, 
probably,  and  working  not  to  keep  up  this 
constant  pressure  but  to  replace  the  air  which 
is  used  each  time  the  brakes  are  set.  If  there 
is  so  little  loss  by  air  leakage  on  railway 
trains,  or  on  the  miles  and  miles  of  piping  in 
the  switch  and  signal  service,  the  possible 
losses  in  an  ordinary  machine  shop  are  not 
worth  talking  about. 

I  have  referred  here  only  to  the  incidental 
uses  of  compressed  air  which  develop  in  shops 
wherever  a  supply  of  air  is  constantly  and 
freely  usable.  Compressed  air  is  not  primarily 
brought  into  shops  for  this  service.  It  has  its 
regular  line  of  business  in  driving  pneumatic 
tools,  hoists,   sand  blasts,   etc.     Many  of  the 


most  highly  developed  and  most  cf!icicnt  ma- 
chine tools  call  for  air  under  pressure  to  oper- 
ate feed  motions  and  automatic  devices,  so 
thai  no  shop  can  br  uptodatc,  or  can  avail  it- 
self of  the  most  advanced  and  most  profitable 
of  modern  facilities  witluMit  providing  and 
maintaining  an  air  supply.  In  the  matter  of 
providing  this  air  service  it  is  not  a  question 
of  meeting  the  initial  expense  involved;  the 
question  rather  is  how  the  greater  cost  of 
opirating  without  the  air  facilities  can  be 
longer   submitted  to. 

The  shop  which  is  not  a  railroad  shop  has 
a  great  advantage  to  begin  with,  in  that  it  is 
not  tied  to  the  steam  gormandizing  air-brake 
pump.  The  compressor  manufacturers  are 
now  putting  out  machines  in  such  great  var- 
iety as  to  satisfy  closely  all  requirements  as 
to  capacity,  and  the  most  suitable  drive  for 
the  given  conditions.  Perhaps  the  most  im- 
portant thing  of  all  in  getting  the  first  com- 
pressor is  to  provide  one  larger  than  the  re- 
quirements in  sight  would  suggest,  for  ad- 
ditional uses  for  the  air  will  certainly  de- 
velop. But,  after  all,  it  will  be  surprising  how 
many  air-operated  devices  a  small  compressor 
will  drive  where  they  are  only  intermittently 
operated.  Compressed  air  is  unique  in  that 
w^hile  it  may  be  always  standing  ready  to  do 
its  work  it  costs  nothing  except  while  actually 
doing  it. 


THE  WORK  OF  THE  HUMAN  HEART 

The  average  human  heart  is  a  suction  and 
force  pump  of  remarkable  capacity  and  dura- 
antiquated  diving  methods  employed  on  har- 
bihty.  Each  of  its  two  chambers  contains,  on 
an  average,  75  cubic  centimeters,  or  4.575  cu- 
bic inches ;  the  total  contents  of  150  cubic 
centimeters  or  9.15  cubic  inches  being  dis- 
charged 81  times  a  minute,  corresponding  to 
a  delivery  of  12,150  cubic  centimeters,  or  741 
cubic  inches  per  minute,  or  25.73  cubic  feet 
per  hour.  Expressed  in  U.  S.  gallons,  the 
average  human  heart  pumps  through  it  each 
hour  192.6  gallons;  each  day,  4,622.4  gallons; 
each  year,  1,687,176  gallons;  and  in  the  adult 
life  time  of  a  man  living  to  the  age  sung  by 
the  Psalmist  8,435,880  gallons.  The  pressure 
against  which  this  fluid  is  pumped  is  equiva- 
lent to  that  of  a  water-column  2^  meters  or 
say  8  feet  2.42  inches  high;  otherwise  ex- 
pressed, about  0.242  atmospheres  or  3.55 
pounds  avoirdupois  per  square  inch. — Scienti- 
fic American. 
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THE  METERING  OF  COMPRESSED  AIR 

By  J.  L.  Hodgson. 
Until  comparatively  recently  the  metering 
of  compressed  air  has  been  looked  upon  as  a 
problem  involving  considerable  practical  dif- 
ficulties. At  the  present  time,  although  it  is 
not  possible  to  assert  that  all  these  difficulties 
are  removed,  it  is  possible  to  say  that  prac- 
ticable instruments  are  available  by  means  of 
which  the  metering  of  compressed  air  may  be 
effected  with  an  accuracy  of  plus  or  minus 
one  per  cent. 


recent  measurement  work,  a  brief  descrip- 
tion should  not  prove  uninteresting.  The  air 
to  be  measured  is  passed  through  a  large  dis- 
placement meter,  which  is  built  somewhat  on 
the  lines  of  a  steam  engine.  It  has  three  cyl- 
inders 36  inches  in  diameter  and  the  stroke  is 
27  inches.  The  air  is  admitted  to  and  dis- 
charged from  the  cylinders  by  means  of  pis- 
ton valves  which  are  set  to  cut  off  exactly  at 
the  top  and  bottom  of  the  stroke. 

The   stroke   volume   of  the   meter   is  95.156 
cubic  feet.     T   therefore  passes  50  lbs.  weight 
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FIG.  A. 


METERING    COMPRESSED  AIR. 


Our  confidence  in  the  accuracy  of  the  meas- 
urements is  mainly  due  to  the  calibration 
plant  belonging  to  Messrs.  Eckstein,  which 
was  first  erected  to  suit  the  author's  require- 
ments at  Fraser  &  Chalmers'  works  at  Erith, 
Kent.  By  means  of  this  plant  the  various 
metering  devices  constructed  to  the  author's 
designs  by  Messrs.  Geo.  Kent,  Ltd.,  of  Lon- 
don, were  tested  and  calibrated.  The  plant  is 
now  re-erected  at  Ferreira,  and  serves  as  a 
permanent  air  standard  for  the  Rand. 

As  this  plant  forms  the  basis  of  all  the  more 


of  air  per  revolution  at  100  lb.  per  square  inch 
abs.  and  513  degrees  F.  abs.  The  drop  of  pres- 
sure across  the  meter  at  full  load  is  only  about 
I  lb.  per  square  inch.  For  this  reason,  in  de- 
signing it,  no  attempt  was  made  to  secure 
very  small  clearance  volumes.*  Owing  to  the 
small  pressure  drop  across  the  meter,  the 
leakage  past  the  piston  and  valves  is  a  minute 
percentage  of  the  total  weight  passed. 


*South  African  Institute  of  Engineers   (Ab- 
stract). 


*If  the  clearance  volume  is  10  per  cent,  and 
the  pressure  of  the  air  is  100  lbs.  per  square 
inch  (abs.),  a  i  lb.  per  square  inch  pressure 
drop  across  the  meter  will  only  cause  an  error 
of  i-ioth  per  cent. 
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l\it\irin,u  to  1'il;.  i.  tlu-  ;iir  which  passes 
tliroiii^h  iho  inctcr  io  ho  tested  T.  and  the 
standard  iiictor  S,  is  not  allowed  ti>  ihsehai>;e 
to  atniosplicre,  but  is  circidated  round  and 
round  in  a  closed  air  circuit  l»y  moans  of  a 
single-stage  Rateau  fan  \\  which  is  capable 
of  producing  alK)ut  2.5  lb.  per  scjuarc  inch 
ditYoronco  of  pressure  at  4.000  revs,  per  niin. 
with  the  air  at  icx)  lb.  per  s(|uare  inch.  This 
arrangoniont  enables  a  motor  capable  of  meas- 
uring 2,000  h.  p.  to  bo  calibrated  with  an  ex- 
penditure of  some  90  h.  p.  only. 

The  air,  after  leaving  the  Rateau  fan.  passes 
through  a  cooler  C,  by  means  of  which  its 
temperature  is  brought  approximately  to  that 
of  the  surrounding  air.  A  small  compressor 
M  is  employed  to  compress  the  air  in  the 
circuit  to  any  desired  pressure  and  to  main- 
tain it  at  that  pressure.  A  large  receiver 
R  was  placed  between  the  standard  meter  and 
the  meter  to  be  tested,  in  order  to  damp  out 
the  pulsations  caused  by  the  standard  meter. 
It.  however,  proved  entirely  ineffective,  and 
the  pulsations  were  finally  damped  out,  as  far 
as  possible,  by  placing  the  top  valve  V,  by 
means  of  which  the  air  following  round  the 
circuit  was  controlled  between  the  two  me- 
ters. 

SIMPLE    ORIFICE    AND    MANOMETER. 

One  of  the  simplest  modes  of  measuring  air 
flows  in  actual  practical  work  is  b\-  means  of 
an  orifice  and  a  manometer.  This  arrange- 
ment is  show  diagrammatically  in  Fig.  2.  The 
air  pipes  are  sprung  apart  and  ah  orifice  O, 
about  %  in.  thick,  is  placed  between  the 
flanges.  Upstream  and  downstream  pressure 
holes  are  provided  in  the  orifice,  as  are  also 
provisions  for  a  pressure  gage  P  and  a  ther- 
mometer T,  The  difference  of  pressure  be- 
tween the  upstream  and  downstream  sides 
of  the  orifice  are  measured  on  a  manometer 
M,  and  from  its  readings  and  the  pressure 
and  temperature  of  the  air  the  flow  may  be 
determined.  In  order  to  facilitate  reading, 
one  limb  of  the  manometer  is  made  in  the 
form  of  a  large  reservoir,  so  that  almost  the 
whole  of  the  change  of  level  of  the  liquid  takes 
place  in  the  other  limb.  A  contracted  scale  is  em- 
ployed to  enable  the  true  change  of  level  to 
be  read  directly  on  the  one  limb.  A  throttle 
valve  V  is  placed  between  the  two  limbs  to 
damp  down  pulsations  and  to  prevent  the  li- 
quid being  blown  over  when  the  manometer 
is  being  connected  up.     In  arranging  the  pipes 


betwet'U  the  nianmneter  and  tho  oriliee  it  is 
best  to  a\(»i(l  I'  bends  in  whiih  water  may 
collect.  If  tliise  are  nna\  oidable,  blow-out 
cocks   nuist    bo    litted    at    the    lowest    points. 

The    discharge    formula    for    any    particular 
orilice  is  of  the  form: — 


/P.   (P.-P,) 
Q  =  K  / lbs.  per  sec. 

where    K    is   a   uunKrical   constant. 

Pi  and  r,  are  the  absolute  pressure  and 
temperature  of  the  air  at  the  orifice. 

(P, — Po)  is  the  difference  of  pressure 
across  the  orifice. 

It  will  bo  noticed  that  the  orifice  O  is  sharp 
edged  instead  of  being  rounded  or  curved. 
'It  w\'is  found  that  if  the  orifices  were  made 
with  rounded  edges,  slight  variations  in  the 
curvature  caused  very  considerable  alterations 
in  the  value  of  the  co-efUcicnt  K.  As  it  was 
necessary  to  be  able  to  calculate  the  discharge, 
a  sharp-edged  orifice,  which  can  be  repro- 
duced with  ease  and  precision,  was  adopted. 
The  tests  have  shown  that  the  discharge 
through  these  orifices  can  be  calculated  to 
within   ^  per  cent. 

Orifices  of  this  type  have  been  installed  for 
metering  the  compressor  discharges  at  the 
Rosherville  and  Robinson  Central  Stations  of 
the  Victoria  Falls  and  Transvaal  Power  Com- 
pany. In  this  case  they  measure  the  discharge 
through  air  mains  12  inches  in  diameter.  They 
are,  however,  equally  applicable  for  measur- 
ing the  air  supplied  to  single  drills  which 
passes,  say,  through  a  i  in.  pipe.  If  orifices 
are  installed  at  various  points  in  a  compress- 
ed air  distribution  system,  the  discharges  can 
at  any  time  be  determined  by  means  of  a  port- 
able  manometer. 

A     CHEAP     COUNTER     METER. 

A  cheap  form  of  counter-meter,  with  auto- 
matic pressure  correction,  is  also  being  de- 
signed for  use  in  conjunction  with  these  ori- 
fices, so  that  a  continuous  measurement  of 
the  air  supplied  to  the  various  levels  in  a  mine 
may  be  made.  By  tabulating  the  air  used 
per  drill  per  shift  for  each  level,  inefficient 
drills  and  wastage  due  to  bad  joints  and  open 
cocks  can  be  detected. 

THE    VENTURI    METER. 

The  principal  disadvantage  of  the  orifices 
just  described  is  that  only  a  small  propor- 
tion of  the  pressure  difiference  (Pi — Po)  — 
which  is  used  as  the  basis  of  the  measurement 
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FIG.  5.     VENTURI  TUBE  METER. 

— is  recovered.  The  Venturi  tube  (Fig.  3) 
effects  the  measurement  in  essentially  the 
same  manner,  but  owing  to  the  long,  tapering 
case  on  the  down  stream  side,  the  formation 
of  eddies  is  avoided,  and  a  very  much  larger 
proportion  of  the  pressure  drop  (Pi — P,)  is 
recovered. 

The  discharge  formula  for  the  Venturi  tube 
is  of  the  form : — 


Q 


/p,  (Pi-P.) 

KAi  /  lbs.  per  sec. 


V     Ti   (N^— I) 
where  K  is  a  numerical  constant. 

Aj  is  the  cross-sectional  area  of  the  air 
main. 

P,  aiid  T,  the  absolute  pressure  and  tem- 
perature of  the  air  at  the  Venturi  tube. 

(P, — P.)  the  drop  of  pressure  between  the 
full  diameter  and  the  throat. 

N  the  ratio  of  the  area  of  the  upstream  to 
that   of   the   throat — called   the   "throat   ratio." 

The  value  of  the  co-officient  K  was  deter- 
mined experimentally  on  the  calibration  plant 
for  all  diameters  of  Venturi  tubes  between  3 
ins.  and  20  ins.,  and  for  all  the  throat  ratios 
that  commonly  occur  in  practice.  As  a  result 
of  this  work  the  discharge  through  these 
tubes  can  now  be  calculated  with  extreme  ac- 
curacy, and  they  form  a  very  simple  and  re- 
liable   secondary    standard    for    air    measure- 


ment. The  meters  at  present  supplied  to  the 
Victoria  Falls  and  Transvall  Power  Company 
all  involve  the  use  of  the  Venturi  Tube,  but 
owing  to  it  being  possible  to  simplify  the  erec- 
tion and  installation  of  the  meters  by  adopting 
an  entirely  different  method  of  measuring  the 
air  flow,  meters  of  this  new  type  will  in 
future  be  supplied  for  air  mains  above  six 
inches  in  diameter,  instead  of  those  involving 
the  use  of  an  Orifice  or  a  Venturi  Tube.  The 
Venturi  Tube  meters  have,  however,  a  per- 
manent sphere  of  usefulness  in  the  measure- 
ment of  the  large  volumes  of  coal  gas  used 
for  town  supply.  Messrs.  Geo.  Kent,  Ltd.,  of 
London  and  Luton,  have  already  installed 
several  of  these  meters  in  England  and  in 
Australia  with  very  considerable  success. 

The  main  practical  difficulty  with  regard  to 
the  gas  has  been  the  deposition  of  tar  or  nap- 
thelene  in  the  Venturi  Throat.  This  diffi- 
culty has  been  successfully  overcome  by  put- 
ting a  steam  or  hot-air  jacket  round  the 
throat ;  thus  keeping  the  surfaces  warm  and 
so  preventing  the  condensation  of  the  various 
impurities   in   the   gas. 

In  the  Venturi  Tube  meter  the  difference 
of  pressure  (Pi — P.)  is  measured  by  means 
of  a  light  inverted  bell  B  (Fig.  5)  immersed 
in  an  oil-seal,  the  throat  pressure  (Po)  acting 
on  the  underside  of  the  bell,  and  the  upstream 
pressure  (Pj)  on  the  outside.  An  increase  of 
flow  causes  the  bell  to  sink.  The  weight  of 
the  bell  is  taken  by  a  carrying  float  C,  made 
of  vulcanite  and  slate  (in  order  to  compensate 
for  changes  in  temperature),  which  is  always 
totally  immersed  in  mercury.  The  amount  of' 
movement  of  the  bell  is  determined  by  the 
shaped  float  S,  the  bell  descending  until  the 
difference  in  pressure  (Pi — Po)  is  balanced 
by  the  buoyancy  of  the  immersed  portion  of 
the  shaped  float.  The  bell  carries  a  rack  R, 
by  means  of  which  its  motion  is  transmitted 
to  a  wheel  W,  and  from  thence  through  a 
gland  to  a  cam  placed  outside  the  bell  cham- 
ber. Owing  to  the  shaped  float  being  made 
long  .and  tapering,  the  arrangement  is  ex- 
tremely sensitive  at  low  values  of  (P, — P2)  : 
giving  an  inch  of  motion  when  (P^ — P,) 
changes  by  i-i, 000th  lb.  per  square  inch,  and 
being  perfectly  sensitive  to  variations  of  pres- 
sure of  less  than  i- 10,000th  lb.  square  inch. 
The  upstream  throat  and  equalizing  cocks  are 
shown  at  U.,  T.,  and  D. 

A  drawing  of  the  Venturi  Tube  as  supplied 
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to    tlu-    \'iit(>ri;i    l\ills    :iiul    Transvaal    Pnwrr 
Company   is   shown   in    I'ii;.   0. 

A    SIMIM.K    DIACRAM    KlA OKDKK. 

A  small  diagram  recorder  which  can  be 
used  in  conjunctitm  with  either  the  Orifice 
or    the   X'entnri     Tvihe    is    shown    in    h'iti.    7.      A 

^^        : 
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FIG.   7. 

battery  of  aneroid  diaphragms  A  (Fig.  7)  are 
enclosed  in  a  pressure-tight  box,  B.  They  are 
kept  in  tension  by  the  spring,  S,  and  an}-  move- 
ment is  transmitted  by  the  rack,  R,  to  the 
pinion,  P,  to  which  a  pen  arm  is  attached. 
The  inside  of  the  diaphragms  is  in  communi- 
cation with  the  downstream  pressure,  P,,  while 
the  outside  is  subjected  to  the  upstream  pres- 
sure, Pi.  An  increase  of  (Pi — P.)  therefore 
causes  the  diaphragms  to  collapse.  The  in- 
trument  is  provided  with  upstream  and  down- 
stream and  equalising  cocks,  U,  P,  and  E  re- 
spectively. By  closing  U  and  P  and  opening 
E  the  accuracy  of  the  zero  can  at  any  time  be 
tested.  The  instrument  may  also  be  arranged 
to  correct  automatically  for  variations  in  pres- 
sure. It  forms  a  very  simple  and  reliable  dia- 
gram meter  for  measuring  air  or  steam 
flows. 

THE    "weighted    DOOR"    METER. 

The  t3pe  of  meter  which  is  now  being 
adopted  for  the  larger-sized  air  mains  on  the 
Rand  consists  of  a  weighted  door  D,  Fig.  4, 
swung  on  horizontal  hinges  H,  placed  in  the 
air  main.  The  motion  of  the  door,  which 
is  a  measure  of  the  fiow  passing,  is  transmited 
out  through  the  top  of  the  meter  case  by  means 


of  the  two  bevel  wliecls  W,  and  the  gland 
shown.  The  weighted  door  thus  replaces  the 
orifice  and  manometer,  or  the  Vcnturi  Tube, 
and  the  oil  sealed  bell.  .Mthough  tiiis  instru- 
ment looks,  and  acliially  is,  extremely  simple 
meehanieally,  it  is  somewhat  expensive  to  nian- 
nfatiine.  Felt  protected  roller  Iwarings  are 
used  to  carry  the  weighted  door,  and  dashpots 
are  provided  on  each  sido  of  the  meter  to 
damp  down  the  oscillations  of  the  door.  Then, 
in  addition,  although  it  is  possible  to  design 
the  meters  so  that  the  body  casting  is  of  the 
correct  size,  it  is  quite  impossible  to  calculate 
the  discharge  for  each  position  of  the  door 
beforehand.  Each  meter  therefore  has  to  be 
calibrated;  but  when  all  this  has  been  done 
the  measurement  of  the  air  is  extraordinarily 
simple  and  easy. 

The  "weighted  door"  meters  have  a  very 
much  greater  range  than  the  orifice  and  the 
Venturi  meters.  By  suitably  shaping  the  cav- 
ity in  which  the  door  swings  it  is  quite  "pos- 
sible to  measure  down  to  i-iooth  of  the  full 
flow.  With  a  manometer  it  is  diflficult  to 
measure  less  than  %  of  the  full  flow.  Even 
on  the  elaborate  and  carefully  designed  me- 
ters of  the  V.  F.  &  T.  P.  Co.  it  is  impossible 
to  measure  much  below  i-30th  of  full  flow. 
Another  advantage  of  this  type  of  meter  is 
the  case  with  which  its  capacity  may  be 
changed.  All  that  has  to  be  done  is  to  alter 
the  loading  of  the  door  and  to  put  a  new 
change  wheel  in  the  counter  train.  Although 
the  weight-door  meters  are  more  troublesome 
to  construct  than  are  those  of  the  Venturi 
type,  they  are  in  every  way  more  desirable 
from   the    user's   point   of    view. 


PNEUMATIC  TROLLEY  CAR  TRACK 
SCRAPERS 

The  Root  pneumatic  equipment  for  double 
truck  cars,  made  by  the  Root  Spring  Scraper 
Company,  Kalamazoo,  Mich.,  consists  of  an 
air  cylinder  fastened  to  the  truck  of  a  car, 
operating  a  Root  spring  scraper,  and  con- 
trolled from  the  platform  by  means  of  a 
three-way  air  valve.  The  reason  for  install- 
ing in  this  way,  where  there  is  space  enough 
for  the  scraper  to  swing  on  curves  and  not 
interfere  with  the  steps  and  other  equipment, 
is  that  the  scraper  follows  the  rail  much  bet- 
ter on  curves  than  when  fastened  to  the  body 
of  the  car.  The  Root  scraper  equipment  and 
the  air  cylinder  may,  however,  be  attached  to 
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the  frame  of  the  car,  the  air  pipes  being  car- 
ried from  the  scraper  air  cylinder  to  the  plat- 
form of  the  car,  where  it  is  controlled  by  a 
three-way  valve.  On  city  cars  that  are 
equipped  with  air  this  is  a  very  important 
improvement  as  it  does  away  with  the  wheel 
and  the  staff  on  the  platform.  It  can  be  ad- 
justed so  that  any  pressure  required  can  be 
applied  to  the  scrapers,  and  when  the  scrapers 
are  not  in  service  they  are  safe  from  falling 
down  at  either  end  of  the  car.  When  it  is 
desired  to  use  the  scraper  the  motorman  has 
only  to  turn  on  the  air  which  holds  the  scrap- 
er to  the  rail  and  when  the  air  is  released 
the  spring  on  the  inside  of  the  cylinder  holds 
the  scraper  up  out  of  commission.  This 
scraper  is  designed  to  meet  the  requirements 
of  the  pay-as-you-enter  car,  on  which  type  of 
car  the  windlass  rod  is  dispensed  with. 


POWER  FROM  COMPRESSED  AIR 

By  H.  Macintire. 

In  the  transmission  of  compressed  air  local 
conditions  are  the  all-important  factor,  and 
these  conditions  will  affect  the  laying  out  of 
the  pipe  line  to  the  same  extent  as  in  power- 
station  design  in  different  parts  of  the  coun- 
try. 

The  loss  of  head  or  pressure  has  been  found 
to  be  proportional  directly  to  the  density  and 
the  length  of  pipe,-  as  the  square  of  the  vol- 
ume discharged  and  inversely  as  the  diameter 
in  inches.  In  other  words,  the  economy  of 
transmission  depends,  exactly  as  in  the  trans- 
mission of  direct-current  electricty,  on  how 
much  capital  is  to-  be  tied  up  in  the  first  cost. 
For  example,  in  driving  the  Jeddo  mining 
tunnel  a  6-inch  main  was  used  to  convey  the 
air  power  to  two  3^-inch  machine  drills  over 
a  distance  of  10,900  feet  and  the  loss  of  pres- 
sure was  only  0.002  pound,  a  practically  neg- 
ligible loss.  However,  it  would  not  be  econ- 
omy usually  to  design  a  pipe  for  such  lo>y 
velocity  of  the  air,  as  the  interest  and  de- 
preciation on  the  additional  investment  over 
the  cost  of  a  smaller  pipe  line  would  more 
than  counterbalance  the  saving  in  fuel,  unless 
a  future  demand  should  make  a  decided 
change  in  the  conditions. 

In  designing  the  transmission  line,  there- 
fore, reasonably  definite  consideration  must 
be  given  to  the  future.  The  pipes,  as  a  rule, 
are    run   underground,   and   are   difficult    and 


costly  of  access.  It  costs  to  pass  a  certain 
volume  of  air  through  a  length  of  i-inch  pipe 
over  three  times  the  head  necessary  to  carry 
the  same  volume  through  the  same  length  of 
2-inch  pipe,  for  the  periphery  increases  as  the 
first  power  and  the  area  as  the  second  power 
of  the  diameter.  Therefore,  as  the  demand 
comes  on  for  extra  power  and  an  extra  pipe 
is  required,  the  loss  of  head  in  the  two  pipes 
would  be  greater  than  the  loss  occasioned  by 
a  single  pipe  of  an  internal  area  equal  to  the 
sum  of  the  areas  of  the  two  pipes.  The  ra- 
tio of  the  periphery  to  the  area  of  the  trans- 
mission pipe  is  the  important  point  affecting 
friction  loss  of  head.  Besides  the  diameter, 
the  factors  affecting  loss  of  head  are :  The 
condition  of  the  inner  surface,  the  kind  of 
joint  employed,  the  number  of  valves  and 
bends,  and  other  factors  of  like  nature.  Al- 
though a  number  of  tests  on  the  mains  in 
Paris  and  elsewhere  have  been  made,  the  data 
obtained  have  not  been  full  enough  to  enable 
any  but  approximate  calculations.  The  al- 
lowable velocity,  however,  was  clearly  brought 
out.  In  each  case  with  an  initial  pressure  of 
100  pounds,  it  was  found  that  a  loss  of  2.4 
pounds  per  mile  in  the  pressure  occurred  with 
a  velocity  of  25  feet  per  second,  9.4  pounds 
per  mile  with  50  feet  per  second,  and  46.2 
pounds  per  mile  with  a  velocity  of  100  feet 
per  second. 

Many  of  the  precautions  taken  in  laying  out 
a  steam-pipe  line  are  required  for  air  trans- 
mission. The  joints  must  be  carefully  made 
so  as  to  prevent  air  leaks  and  to  eliminate 
friction  as  far  as  is  possible ;  allowance  must 
be  made  for  expansion  and  contraction,  es- 
pecially if  the  pipe  is  carried  above  ground; 
pockets  in  the  line  without  means  of  empty- 
ing the  segregated  moisture  must  be  avoided, 
and,  finally,  provision  must  be  made  for  re- 
pairs on  the  pipe   should  these  be  necessary. 

Some  time  ago,  when  the  question  of  air 
versus  electric  power  was  being  considered, 
one  important  argument  in  favor  of  air  was 
that  the  steam  engine  could  be  used  with 
but  slight  changes  in  the  valve  gear  when 
operating  with  air  instead  of  with  steam  as 
the  woking  medium,  whereas,  of  course,  elec- 
tric power  requires  absolutely  new  machinery. 
The  indicator  diagram  for  air  is  almost  inden- 
tical  with  the  steam  diagram.  When  used, 
however,  as  is  done  now  almost  entirely,  to 
drive    special    tools,    this    argument    in    favor 
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of  air  will   not   hold,  as  piuumatK-  tools  have 
been  (k'sij^iu'd   for  air  powi-r  oiil\. 

hi  K<^""<^'';il.  tluii,  It  oaii  \h-  said  that  thr  air 
motor,  or  niachiiu',  is  one  specially  designed 
for  the  working  tlnid.  The  pneninatie  tool 
cannot  he  easilx  described  because  of  tlu* 
great  diversity  in  the  varieties  of  makes.  It 
uses,  however,  a  i)uinp  diaj^ram ;  that  is.  it 
takes  air  for  the  wlude  stroke,  exhausts  at 
the  end  ol  the  stroke,  ami  in  conse(|nence  is 
not  economical. 

Moisture  in  the  air  has  harmful  effects  dur- 
ing expansion   unless  some  means  can  he   hid 
to    prevent    the    temperature    from    going    he- 
low    .^J    ilegrees    b\ihrenheit.      During    expan- 
siiMi  the  temperature  drops,  the  expansion  he- 
iui.i-   almost    exacllx'   adiahatic,    to   a   greater   or 
lesser    ilegree.    accoriling    to    the     conditions. 
With    an    initial    pressure    of    75    pounds,    and 
using  a  pump  diagram,  the  discharge  tempera- 
ture will  be — 60  degrees  Fahrenheit,  but  wdicn 
expanding  to  the  back  pressure  an  economical 
diagram    will    be    obtained    and    the    tempera- 
ture   will    be — 144    degrees    Fahrenheit.      This 
reduction  of  temperature  is  very  inconvenient 
because  of  the  impossibility  in  practice  of  re- 
moving  all    the    moisture    in   the    air,    and    of 
the  remainder  freezing  during  exhaust.     This 
fall    in   temperature    can   be   prevented   by    in- 
jecting steam  into  the  air  at  admission  or  by 
reheating.      In    the    case    of    the    addition    of 
steam,  its  latent  heat   is  given   up  during  ex- 
pansion  and   the  temperature   of   exhaust   can 
be   kept  above  32  degrees   Fahrenheit.     How- 
ever, in  many  cases  steam  is  not  available ;  if 
it    is    available    it    can    be    used    to    drive    the 
motor  itself. 

The  second  method — that  of  reheating — is 
very  practical.  A  coil  of  pipe  similar  to  those 
used  for  superheating  steam  is  usually  placed 
over  a  coke  or  charcoal  fire  and  the  air  is  in- 
creased some  300  to  400  degrees  in  tempera- 
ture at  constant  pressure.  As,  however,  dry 
air  is  slow  in  taking  up  heat  from  dry  walls, 
water  is  sometimes  sprayed  in.  The  efifect  is 
twofold :  First,  the  troublesome  fall  below 
the  freezing  point  is  avoided,  and,  second,  a 
great  increase  in  efficiency  is  obtained.  The 
increase  in  w^ork  is  about  six  times  what 
could  be  obtained  from  a  first-class  steam  en- 
gine at  a  minimum  first  cost.  Prof.  J.  T. 
Nicholson  in  experimenting  with  a  27-horse- 
power  Corliss  engine,  with  air  at  53  pounds, 
found  that  850  cubic  feet  of  free  air  was  re- 


(piired  per  horsepower-hour,  and  dry  reheat- 
ing to  J.S7  degrees  i"'ahrenheit  reduced  this  to 
()4{)  cubic  feet,  or  a  gain  of  25  per  cent.  The 
same  test  showed  that  1.42  pounds  of  coke 
per  hour  were  re(|uired  for  each  additional 
horsepower,  a  result  which  will  compare  very 
favorably    with    good    steam-engine    practise. 

KCO.N'O.MICS    OF    AIR    TK.A N  .SM  l.SSION. 

So  far  the  discussion  has  been  confined  to 
the  means  of  obtaining  power  from  an  air 
system  and  certain  problems  arising  there- 
from, but  now  the  economics  of  its  use  and 
an  idea  of  its  possibilities  will  be  considered. 
The  best  idea  of  its  economy  can  be  obtained 
from  the  plant  in  l\iris.  which  has  been  very 
carefully  tested. 

These  tests  have  made  the  Paris  plant  very 
economical.  The  compressor  has  an  efficiency 
of  from  75  to  80  per  cent.,  the  transmission 
line  of  95  to  98  per  cent.,  and  the  motor,  of 
the  best  design,  from  75  to  80  per  cent.  The 
poorer  designs  of  motors,  or  those  badly  worn 
or  adjusted,  will  show  as  low  as  10  per  cent. 
The  Paris  plant  therefore  shows  that  good 
economy  can  be  obtained  with  air  as  the  mo- 
tive power. 

Not  only  is  the  economy  very  high,  but  the 
uses  to  which  air  power  can  be  put  are  al- 
most without  number.  These  include  all 
kinds  of  mining  tools,  the  pneumatic  tools 
used  in  ship,  bridge  and  boiler  construction ; 
pneumatic  engines  for  mining  and  power-mill 
traction  work,  subway  and  tunnel  work  where 
compressed  air  is  used  to  prevent  the  ingress 
of  water ;  for  refrigeration  to  a  small  extent,, 
and  as  a  means  of  pumping  water  (as  in  the 
Phole  air  lift). 

The  advantages  of  using  air  are  many:  It. 
is  cheap ;  there  is  no  danger  of  explosion  from 
air  alone ;  it  is  reliable ;  no  insulation  is  re- 
quired, nor  will  the  transmission  line  heat 
its  surroundings.  In  mining  or  other  confined 
quarters  the  exhaust  can  be  used  for  ventila- 
tion. Air  replaced  steam  at  the  Cleveland 
Stone  Company's  works  with  a  daily  saving 
of  about  49  per  cent. 

The  great  difficulty  is  lack  of  flexibility 
and  large  first  cost.  To  design  an  economical 
plant,  either  the  demand  for  power  must  be 
definite  and  unvarying  or  the  gift  of  pro- 
phecy must  be  in  evidence.  Besides  this,  the 
size  of  the  pipe  line  and  the  engine  is  very 
much  larger  than  electric  power  would  re- 
quire  for   the   same  power,   and   the  difficulty 
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in      maintaining     the      transmission     line     is 
greater. 

Air  power,  however,  has  its  own  particular 
sphere,  in  mining  and  quarrying,  and  in  all 
probability  it  will  be  found  there  for  some 
time  to  come. — Power. 


LIQUID    AIR  RESCUE  APPARATUS  AT 

THE  MAKIEWKA    (DONETZ) 

RESCUE  STATION 

By  D.  Lewitsky. 

The  problem  of  the  application  of  liquid  air 
in  rescue  work  was  solved  by  M.  Siiss,  the 
inventor  of  the  Aerolith  apparatus ;  but  in 
spite  of  the  interest  aroused  by  this  apparatus 
in  all  who  are  interested  in  such  work,  the 
apparatus  itself  has  not  made  any  headway.* 
The  reason  for  this  is  to  be  found  in  the 
difficulties  in  the  way  of  transporting  and 
storing  the  liquid  air.  Moreover,  in  spite  of 
its  advantages,  the  lightness  of  the  apparatus 
and  the  agreeable  temperature  of  the  air  in- 
haled, the  Aerolith  is  attended  with  serious 
drawbacks  resulting  from  the  fundamental 
idea  on  which  it  is  based.  The  Aerolith  is  a 
reservoir  apparatus,  since  the  air  inhaled  by 
the  wearer  is  obtained  by  the  vaporisation  of 
the  liquid  air  in  consequence  of  the  influx  of 
external  heat,  the  quantity  of  the  gaseous  air 
resulting  from  such  vaporisation  is  not  con- 
stant but  gradually  diminishes,  so  that  one  is 
faced  with  the  problem  of  how  the  effect  of 
the  Aerolith  calculated  that  the  conditions  of 
vaporisation  of  the  liquid  air  would  them- 
selves prevent  the  uncomfortable  results  "of 
this  fact,  for  though  the  quantity  of  gaseous 
air  obtained  from  the  liquid  air  decreases  pro- 
gressively, the  percentage  of  oxygen  in  same 
goes  on  increasing.  On  the  other  hand,  the 
peculiarities  of  construction  of  the  apparatus 
were  intended  to  afford  the  possibility  of  reg- 
ulating the  quantity  of  air  vaporized.  The  di- 
agonal tube  traversing  the  liquid  air  reservoir 
and  forming  a  conduit  for  the  exhaled  air, 
was  intended  to  transmit  the  heat  received 
from  that  air  to  the  liquid,  and  thus  assist 
vaporisation.  Practical  experience,  however, 
shows  that  the  sides  of  this  tube  are  very 
quickly   covered   by   deposited   flakes   of   solid 


*For  example,  the  M.akiewka  rescue  station 
is  provided  with  five  sets  of  Aerolith  appara- 
tus, but  has  never  used  them,  although  a 
Linde  ox3^gen  plant  is  available. 


carbon  dioxide,  whereby  the  transmission  of 
the  heat  to  the  liquid  air  is  retarded ;  and  it 
is  possible  that,  even  apart  from  this  circum- 
stance, the  heat  would  not  be  transmitted  very 
completely  to  the  liquid  air.  Hence  the  first 
transmission  was  only  based  on  hope.  More- 
over, the  physiological  phenomenon  of  respir^ 
ation  was  investigated  from  the  chemical  side 
only,  the  mechanical  side  being  overlooked. 
Experiment  has  shown  that  the  human  lungs 
require  a  certain  minimum  volume  of  air,  be- 
low which  it  is  impossible  to  go ;  and  this 
minimum  may  be  taken  as  about  1,200  to 
1,500  cubic  inches  per  minute.  Now,  if  the 
volume  of  air  supplied  by  the  Aerolith  appara- 
tus falls  below  this  limit,  it  follows  that  the 
lungs  are  compelled  to  obtain  the  remainder 
from  wherever  they  can ;  and  in  these  circum- 
stances they  inhale  *the  partially  vitiated  air 
contained  in  the  breathing  bag.  As  the  ex- 
periment is  continued,  the  amount  of  pure  air^ 
although  enriched  with  oxygen,  still  goes  on 
diminishing,  and  that  of  the  vitiated  air  pro- 
gressively increases,  so  that  the  air  inhaled 
becomes  very  rich  in  carbon  dioxide.  Thus 
it  was  found  that  during  the  first  hour  of 
wearing  the  apparatus,  work  could  be  per- 
formed with  ease,  but  less  so  during  the  sec- 
ond hour  and  particularly  towards  the  end ; 
whilst  if  any  strenuous  work  has  to  be  done 
in  the  second  hour  the  situation  becomes  crit- 
ical. 

Another  liquid  air  apparatus  investigated  at 
Makiewka  is  that  of  G.  Claude,  who  bases 
on  the  idea  that — contrary  to  older  opinion — 
oxygen  is  not  injurious  for  respiration,  the 
oragnism  consuming  as  much  as  it  needs.  On 
this  account,  Claude  constructed  his  appara- 
tus for  i^  litres  of  liquid  air.  It  is  evident 
.  that,  here  also,  the  above  mentioned  minimum 
limit  has  been  left  out  of  consideration.  The 
result  showed  that  the  apparatus  is  unsuitable 
for  rescue  work.  Hence  the  existing  appara- 
tus for  liquid  air  (or  oxygen)  do  not  satisfy 
requirements  so  far  as  construction  is  con- 
cerned. 

The  author  has  made  experiments  with  a 
view  to  solving  the  problem  from  a  different 
starting  point,  and  decided  on  the  construc- 
tion of  a  regenerative  breathing  apparatus  for 
liquid  air,  the  regeneration  being  effected  by 
purely  physical  and  not  chemical  processes. 
In  this  apparatus  the  exhaled  air  is  allowed 
to   pass   through   the   liquid   air,   whereby   two 
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purposes  arc  fultilktl — namely,  that  the  ex- 
haled air  is  freed  frDiu  carhon  dioxide — which 
falls,  in  the  state  of  a  hard  white  powdir,  on 
to  the  hottom  of  tiie  reservoir,  and  at  the 
same  time  the  heat  of  the  exhaled  air  assists 
in  vaporizing  a  portion  of  the  liciuid  air  (this 
liquid  air  should  he  rich  in  oxygen ),  the  ex- 
haled air  beeominj;  mixed  with  the  vaporized 
air,  rich  in  oxyj^en,  and  aj^ain  suitable  for 
respiration.  It  is  possible  that  the  process  is 
very  complicated,  h'or  example,  it  may  be  that 
when  such  portion  of  stratum  of  the  exhaled 
air  as  comes  in  contact  with  the  sides  of  the 
metal  tube  traversing-  the  liquid,  attains  the 
temperature  of  the  liquid  air,  a  portion  of  the 
nitrogen  in  the  gaseous  air,  in  its  passage 
through  the  liciuid  air,  ma\'  displace  a  por- 
tion of  the  oxygen  of  the  latter.  A  result 
of  this  kind  is.  at  first  sight,  unexpected, 
though  it  will  become  clear  if  one  remem- 
bers that  when  gaseous  and  liquid  mix- 
tures of  nitrogen  and  oxygen  are  left 
in  immediate  contact,  there  is  always  a  cer- 
tain equilibrium  for  gaseous  and  liquid  mix- 
tures. For  instance,  the  liquid  mixture  con- 
taining 50  per  cent,  of  oxygen  is  in  equilibrium 
onh''  with  a  gaseous  mixture  containing  21 
per  cent,  of  oxygen ;  whilst  the  liquid  mixture 
containing  70  per  cent,  of  oxygen  is  in  equili- 
brium with  a  gaseous  mixture  containing  41 
per  cent,  of  oxygen,  in  accordance  with  the 
subjoined  diagram  compiled  by  M.  Baly, 
showing   that   the   liquid    mixture   may   be   in 
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I.  Tlie  maintenance  of  the  oxj-gen  in  the  gas  as  a  function 

of  the  maintenance  of  the  oxygim  in  the  liquid  air. 
II.  The  temperature  of  the  liquid. 


equilibrium  with  such  gaseous  mixtures  as  it 
liberates  during  its  own  vaporisation  (con- 
firming the  interesting  experiments  carried 
out  by  G.  Claude  in  his  work  L'Air  Liquidt', 
p.  34-'-43). 

It  tiiis  process  be  allowed  to  take  place  even 
in  part,  the  result  is  the  same,  viz.,  the  air 
for  breathing  is  obtained  in  a  beneficial  condi- 
tion, rich  in  oxygen.  In  addition,  it  gives  the 
advantage  that  a  given  amount  of  liquid  air 
will  last  for  a  longer  time  than  in  apparatus 
of  the  reservoir  type,  because  the  exhaled  air 
is  re-inhaled  at  once.  This,  however,  might 
a  t^riori,  appear  incomprehensible,  the  question 
arising  whether  the  vaporisation  of  the  liquid 
air  does  not  proceed  too  rapidly  in  the  appar- 
atus, in  consequence  of  the  heat  transmitted 
from  the  exhaled  air.  The  theoretical  aspect 
of  the  case  is  difficult  to  establish,  but  may  be 
illustrated  by  an  experiment.  The  heat  of 
evaporation  of  liquid  air  is  about  50  calories 
(48  calories  for  nitrogen  and  51  calories  for 
oxygen).  The  specific  heat  of  the  gaseous 
air,  increasing  .as  the  temperature  falls,  may 
be  taken  as  %  calorie  on  the  average.  Hence, 
if  we  take  5  litres  of  liquid  air,  this  quantity 
will  be  sufficient  to  cool  down  to — 200  degs., 
a  volume  of  gaseous  air  equal  to  800  times 
that  of  the  liquid  air,  and,  therefore,  4,000 
litres.  If  the  temperature  of  the  exhaled  air 
were  actually  reduced  to — 200  degs.,  and  the 
volume  of  air  exhaled  amounted  to  50  litres 
per  minute,  then  the  above  quantity  of  liquid 
,air  would  be  sufficient  to  last  for  4,000  ->  50  := 
80  minutes.  As  a  matter  of  fact  this  calcula- 
tion is  disturbed  by  other  factors,  some  tend- 
ing to  lengthen  the  period,  and  others  to 
shorten  it.  In  the  first  place,  as  a  matter  of 
fact,  a  portion  of  the  .air  is  vaporised  by  the 
influx  of  heat  from  outside;  and  secondly,  a 
certain  amount  of  heat  is  absorbed  from  the 
carbon  dioxide  in  solidifying,  both  of  which 
circumstances  reducing  the  effective  working 
time  of  the  apparatus.  On  the  other  hand, 
however,  the  exhaled  air  is  not  cooled  down 
to  such  a  low  temperature  as  given  above;  so 
that,  as  the  experiments  carried  on  at  the 
Makiewka  station  have  demonstrated,  the  5 
litres  of  liquid  air  enable  work  to  be  done  for 
more  than  two  and  a  half  hours.  This  result 
is  due  to  the  following  circumstances : — On 
commencing  work  with  the  apparatus,  the 
circumambient   temperature   vaporizes   such   a 
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quantity  of  the  liquid  air  that  it  is  unneces- 
sary to  pass  the  whole  of  the  exhaled  air 
through  the  liquid,  a  portion  being  allowed 
to  escape  through  a  relief  valve.  This  gives 
the  following  advantage -.—Among  the  draw- 
backs of  this  apparatus  must  be  included  the 
necessity  for  passing  the  exhaled  .air  through 
the  liquid  air,  since  this  passage  increases  the 
difficulty  of  exhaling  as  compared  with  in- 
haling. Now,  it  is  just  when  the  difficulty  of 
exhaling  is  greatest,  owing  to  the  height  of 
the  column  of  liquid,  that  the  larger  portion 
of  the  exhaled  air  can  be  discharged  through 
the  relief  valve.  Although  in  this  way  the 
volume  of  air  discharged  is  regulated  auto- 
matically, diminishing  in  proportion  as  the 
height  of  the  column  of  liquid  decreases,  it  has 
been  found  useful  to  provide  the  valve  with 
means  enabling  its  rate  of  delivery  to  be  modi- 
fied by  hand. 

To  prevent  spilling  the  liquid  air,  the  appar- 
atus is  fitted  with  partitions,  leaving  free 
passage  at  alternate  ends.  In  addition  to  the 
risk  of  spilling,  there  has  also  to  be  consid- 
ered   that    of    excessive    vaporisation    of    the 


likquid  air  in  consequence  of  sudden  turns 
and  bendings;  but  it  is  believed  that  these 
defects  can  be  minimized  by  covering  the 
liquid  air  reservoir  with  insulating  material. 
A  further  drawback  of  the  apparatus  resides 
in  the  valves;  to  prevent  them  from  freezing 
up,  metallic  heating  devices  have  been  pro- 
vided. 

In  spite  of  these  defects,  the  experiments 
carried  out  with  the  apparatus  at  the  Makiew- 
ka  rescue  station  gave  satisfactory  results. 
One  good  feature  is  that  when  heavy  work  is 
being  done  a  good  supply  of  air  is  always 
obtainable  (good  regulation)  ;  and  the  pro- 
portion of  carbon  dioxide  in  samples  of  ex- 
haled air  from  the  bag  does  not  exceed  J/2 
per  cent,  in  any  case. 

In  the  apparatus  (fig.  2)  the  reservoir  A 
has  double  metallic  walls  B,  between  which 
the  insulating  material  (such  as  glass  wool) 
is  placed.  A  flexible  metal  pipe  for  the  ex- 
haled air  is  screwed  on  to  the  tube  C,  which 
is  branched  in  order  to  secure  better  distribu- 
tion of  heat  in  the  liquid  air.  The  vaporised 
air,  together  with  the  purified  air  (the  carbon 
dioxide  from  which  falls  to  the  bottom  as  a 
white  precipitate)  passes  through  the  flexible 
pipe  D  into  the  mouth.  The  superfluous  air 
flows  into  the  bag  E.  F  is  the  divider,  and  G 
the  mouthpiece  (which  may  be  replaced  by  a 
mask). 


Fig.  3. 

The  surplus  quantity  of  exhaled  air  escapes 
outwardly  through  the  valve  J.  The  bag  is 
fitted  also  with  a  storage  valve  K.  M  N  are 
partition  walls  which  prevent  the  liquid  air 
from  spilling  over  when  the  wearer  stoops. 

The  construction,  of  the  apparatus  has  been 
modified  to  some  extent  recently,  as  indicated 
in  Fig.  3.  The  reservoir  is  divided  hori- 
zontally so  as  to  reduce  the  difficulty  of  ex- 
haling   by    one-half    since    the    height    of    the 
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colnmn    of    liciuid     has    lu-rii     lowiTod    to    an 
equal  extent. 

Tlie.  attention  of  the  author  has  recently 
heen  drawn  to  the  existence  of  the  apparatus 
<lescrihed  in  I'Jijjjlish  Patent  17580  (igio), 
workini;-  with  Ucjuid  air  and  chemical  purill- 
cation.  Heinj^  desirous  of  tryiuj^  the  appara- 
tus, hut  unahle  to  ohtain  a  set  in  coinnierce. 
the  autiu^r  had  one  constructed  in  accordance 
with  the  details  given  in  the  i)atent  specifica- 
tion. The  trials,  which  are  not  yet  completed, 
have  given  satisfactcMv  results,  the  appara- 
tus working  hetter  than  the  Acrolith.  The 
inventor  of  the  said  apparatus  is  of  the  au- 
thor's opinion  that  rescue  apparatus  operating 
with  liquid  air  should  he  of  the  regeneration 
tpye.  and  not  of  the  reservoir  type  exclusive- 
ly. Whether,  however,  the  regeneration  is  to 
he  etfected  by  chemical  or  physical  means 
must  be  left  for  the  future  to  decide. 


MINE    FARMING 

The  hanging  gardens  of  Babylon  may  soon 
have  to  give  way  to  the  underground  truck 
farms  of  Mexico  if  an  experiment  recently 
made  by  a  Chihuahua  miner  becomes  gen- 
erally prevalent  in  the  mining  districts  of  that 
country.  An  Almoloya  miner  has  found  out 
that  he  can  save  a  great  deal  of  time  over 
the  putting  together  of  a  lettuce  leaf  sand- 
wich for  his  lunch,  or  the  occasional  partak- 
ing of  a  luscious  raw  tomato,  without  hav- 
ing to  go  to  the  surface  to  satisfy  his  tastes. 
All  he  has  to  do,  and  he  has  done  it,  so  he 
says,  is  to  bring  down  some  good  top  soil  into 
the  mine,  plant  the  seeds  and  Nature  will 
do  the  rest,  due  to  the  even  temperature  which 
prevails  in  the  mine.  As  a  result  of  this  ex- 
periment, this  progressive  miner  has  a  fine 
truck  farm  growing  dow^n  in  one  of  the  old 
levels  of  his  mine,  and  so  far  has  produced  a 
diminutive  but  at  the  same  time  a  satisfactory 
crop  of  potatoes,  onions,  lettuce  and  toma- 
toes. All  that  is  necessary  is  to  take  down 
some  planks  and  on  these  spread  about  an 
inch  of  good  earth,  place  large  potatoes  in 
this  without  covering  and  at  a  good  distance 
apart,  they  will  soon  sprout  and  all  the  work 
necessary  is  to  keep  the  suckers  and  leaves 
cut  ofiF.  The  potatoes  grow  to  a  good  size 
and  having  been  grown  in  the  dark  have 
practically  no  skin,  are  dry  and  mea]y  and 
of  excellent  flavor. — Mexican  Mining  Journal. 


A  TURBO  COMPRESSOR  HELPS   A   RE- 
CIPROCATING PISTON   MACHINE 

P)V   C.   Van   T.ancikndonck. 

It  is  often  a  very  diOicult  matter  to  know 
what  to  do  when,  owing  to  the  growth  in  size 
of  industrial  establishments,  their  power 
plant,  which,  in  the  beginning  was  more  than 
ample,  is  not  more  adecpiately  fulfilling  the 
demands  that  are  made  ui)on  it. 

A  case  of  the  kind  recently  arose  at  an 
English  colliery,  where  in  order  to  meet  the 
increased  demand  for  air,  either  the  existing 
piston-compressed  air  plant — a  cross-com- 
pound engine  with  cylinders  28  in.  and  50  in. 
in  diameter  by  60-in.  stroke,  driving  duplex 
air-cylinders  of  33-in.  diameter,  running  up 
to  from  30  to  35  revolutions  per  minute  as  a 
maximum — could  be  augmented  by  a  similar 
set,  or,  with  a  view  of  increased  efficiency  on 
the  air  cylinders,  by  the  installation  of  a  com- 
pound two-stage  compressor,  or  finally  by  the 
adoption  of  a  turbo-compressor  set  receiving 
its  driving  energy  from  the  exhaust  of  the 
low-pressure   steam-cylinder. 

Here  the  plan  contemplated  was  that  the 
turbo-compressor  should  pass  its  discharge 
through  an  intercooler  into  the  existing  air 
cylinders.  It  was  found  that  the  cost  of  the 
second  piston  compressor  would  very  much 
exceed  the  first  cost  of  the  turbo-compressor 
installation  and  would  also  occupy  much  more 
floor  space.  Moreover,  a  gain  of  efficiency 
could  be  obtained  only  with  the  new  piston 
compressor  plant,  whereas  the  turbo-compres- 
sor would  improve  the  working  efficiency  over 
the  whole  combined  capacity.  For  these  rea- 
sons, therefore,  it  was  decided  to  install  the 
turbo-compressor. 

The  complete  arrangement  is  shown  in  the 
accompanying  illustration,  and  it  may  be  said 
that  the  results  have  fully  justified  this  de- 
cision ;  a  gain  of  about  17  per  cent,  over  what 
w'ould  have  been  secured  from  a  second  pis- 
ton   compressor    having   been    obtained. 

The  turbo-compressor  is  of  the  Rateau 
type,  and  easily  delivers  from  6,000  to  7,000 
cubic  feet  of  free  air  per  minute  at  a  pres- 
sure of  12.8  pounds  per  square  inch  by  gauge. 
The  steam  consumption  claimed  for  the  tur- 
bine was  also  established.  The  flexibility  of 
the  plant  was  particularly  noteworthy,  as  out- 
puts up  to  12,000  cubic  feet  per  minute,  and 
pressures    up    to    16   pounds   per    square    inch 
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were  easily  realized.  When  running  the  ex- 
isting piston  compressor  at  the  normal  speed 
of  30  revolutions  per  minute,  taking  in  air 
at  atmospheric  pressure  and  temperature,  the 
maximum  volume  discharged  at  60  pounds 
was  3,000  cubic  feet  per  minute  of  free  air, 
while,  with  the  addition  of  the  turbo-blower 
set,  and  with  the  same  number  of  revolu- 
tions of  the  piston  compressor,  an  increase  in 
the  free  air  capacity  of  over  100  per  cent, 
was  obtained,  and  the  total  efficiency  both  of 
the  air  and  of  the  steam  end  was  greatly  im- 
proved. 

The  low  pressure  steam  cylinder  of  the  ex- 
isting duplex  piston  compressor  now  dis- 
charges into  a  large  steam  receiver,  an  old 
boiler  shell  with  automatic  relief  valve  ar- 
ranged so  as  to  prevent  undue  accumulation 
of  pressure.  From  this  the  steam  passes 
through  the  exhaust  steam  turbine  to  the  con- 
denser arranged  underneath  the  turbine  ex- 
haust branch.  The  turbine  is  absolutely  un- 
der the  control  of  the  reciprocating  compres- 
sor, as  a  demand  for  more  work  from  the 
plant  requires  more  steam  from  the  duplex 
compressor,  and  provides  the  turbine  with  the 
necessary  steam  for  the  required  air  capacity 
or  pressure.  A  butterfly  emergency  valve  is 
arranged  between   the  turbine   stop  valve   and 
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the  turbine  wheels ;  it  is  closed  automatically 
when  the  turbine  speed  reaches  a  predeter- 
mined limit  of  about  4,200  revolutions  per 
minute,  but  opens  again  when  the  steam  sup- 
ply and  the  speed  have  become  normal.  The 
butterfly  emergency  valve  is  also  automatical- 
ly closed  should  the  oil  pressure  to  the  bear- 
ings become  insufficient,  thus  preventing  heat- 
ing of  journals. 

The  Rateau  turbine  is  of  the  multicellular 
type,  the  cylinder  of  which  is  divided  into  a 
number  of  compartments,  in  each  of  which 
are  fixed  the  distributing  vanes.  It  is  of  the 
"Action"  type,  the  fall  of  pressure  taking 
place  in  the  distributors  only,  the  expansion 
being  utilized  to  create  kinetic  energy.  As 
the  pressure  is  the  same  on  both  sides  of 
the  moving  wheels,  balancing  pistons  are  not 
required  as  in  "Reaction"  turbines,  where  the 
fall  of  pressure  takes  place  partly  in  the  mov- 
ing wheels.  A  Rateau  type  of  centrifugal 
multi-stage  blower  is  also  used.  Diaphragms 
are  placed  between  '  the  wheels  and  take  the 
air  at  the  outlet  of  each  wheel  and  lead  it 
through  channels  of  special  shape  into  the 
eye  of  the  next  wheel  after  having  trans- 
formed the  velocity  head  into  pressure  head. 
— National  Engineer. 
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VARIOUS    PNEUMATIC   DEVICES 

Upon  tlu"  opposite  pam'  arc  )^i(niprtl  a  num- 
ber of  cuts  of  piK'imialic  drviccs  whiili  have 
recently    appeared    in    »Mir    exehanj^es. 

l'\\!;.  1.,  from  the  Scir'iitif'u'  .  I nicrican,  shows 
a  kind  of  home  made  api)aratns  tor  sinayini; 
gasoHne  for  eleaninj;  automohiles.  It  con- 
sists of  a  uaKani/ed  tank  li  pro\  ided  witli  a 
tube  soldered  into  it  at  the  toj).  and  another 
one  at  the  bottom.  These  tubes  arc  fitted  with 
valves  ("  and  //.  The  tubes  are  Joined  and 
are  connected  by  means  of  a  ^-inch  hose  B 
of  any  suitable  length,  say  twenty  feet,  to  a 
nozzle  ./.  The  nozzle  should  be  provitled 
with  a  (piarter-inch  aperture  and  a  llarcd  out- 
let. A  bicycle  pump  D  is  connected  with  the 
tank  at  one  side  and  a  pressure  gage  G  is  se- 
cured to  the  top.  In  use,  a  gallon  of  gasoline 
is  poured  into  the  tank,  as  indicated  at  F, 
and  then  the  pump  is  operated  to  produce  a 
pressure  of  several  pounds  in  the  tank.  The 
valves  C  and  H  may  now  be  opened  to  such 
an  extent  as  to  permit  a  small  quantity  of 
gasoline  and  a  comparatively  large  quantity 
of  air  to  i\o\\  through  the  hose  and  the  noz- 
zle A  may  be  directed  to  spray  the  parts  which 
need  cleaning.  A  single  gallon  of  gasoline 
and  a  few  strokes  of  the  air  pump  have  been 
found  sufificient  to  clean  thoroughly  a  single 
automobile. 

Fig.  2,  from  the  Practical  Engineer,  is  an- 
other home-made  device,  a  steam  operated 
vaccum  soot  cleaner,  made  by  an  engineer  cor- 
respondent and  used  for  cleaning  of¥  the  soot 
from  the  top  of  a  batter\'  of  boilers,  the  work 
being  done  without  raising  a  dust.  The  clean- 
er was  made  by  connecting  a  ^-in.  pipe  from 
the  ster.m  line  to  a  H'i-i  tee  which  connects 
as  shown  to  a  discharge  pipe  to  the  sewer, 
or  other  convenient  place,  and  a  steam  hose 
upon  which  a  funnel  was  attached.  Use 
good  stiff  hose  without  kinks,  and  carry  the 
funnel  over  the  soot,  which  will  be  sucked  ir.to 
the  hose  and  discharged  into  the  sewer,  ft 
does  not  require  much  steam  and  will  clean 
the  boilers  off  thoroughh'. 

Fig.  3  is  a  sketch  by  A.  Montgomery  in  the 
American  Machinest,  illustrating  his  method 
of  hardening  the  shanks  of  tools  used  in  the 
pneumatic  hammer.  It  is  necessary,  he  says, 
that  the  ffiid  of  the  shank  of  the  tool,  wliere  it 
receives  the  blow  of  the  hammer,  should  be 
hardened  to  a  certain  extent,  so  as  to  prevent 
npsettirg  and  consequently  enlarging;  also  to 


giM'  It  wearing  (|uahlus,  and  in  (jrder  to  ob- 
l.iin  the  hot  results  tlu-  following  is  suggest- 
ed :  T.ike  a  pail  and  till  it  alKnit  three-quarters 
full  of  salt  water,  covered  with  thin  lard  or 
fish  oil  to  a  de|)th  not  to  exceed  three-quarters 
of  the  intiri-  Unt^ili  nf  the  shank  of  the  tool. 
Heat  the  shank  a  regular  hardening  heat  and 
(piench  in  this  bath,  being  careful  to  keep  the 
shoulder  of  the  tool  at  the  base  of  the  shank, 
just  on  a  level  with  the  surface  of  the  oil. 
Move  the  tool  gently  in  this  bath  until  en- 
tirely cold.  Do  not  draw  the  temper,  merely 
Hash  the  oil  from  the  tool.  It  will  be  readily 
seen  that  if  the  action  is  performed  fpiickly 
by  the  operator,  the  tip  of  the  shank  will 
be  hardened  more  than  the  body  of  the  shank, 
as  it  reaches  the  water  practically  before  any 
cooling  takes  place,  and  the  actual  hardening' 
of  the  end  will  take  place  in  the  water  be- 
neath the  oil.  This  gives  a  shank  hardened  abso- 
lutely right  without  any  further  heat  treatment, 
such  as  drawing  the  temper,  and  rivet  sets 
treated  in  this  manner  have  been  known  to 
drive  as  high  as  24,000  rivets  before  crystal- 
lization   took   place. 

Fig.  4,  from  Mines  and  Minerals,  illustrates 
a  method  of  ventilating  a  mine  by  means  of 
the  water  it  makes,  so  that  when  once  in- 
stalled it  costs  nothing  for  operating.  The 
method  is  said  to  be  in  common  use  in  many 
camps,  but  to  many  it  is  unknown.  A  tunnel 
can  be  ventilated  for  1,000  feet  or  more  if 
ample  water  flows  from  it.  As  the  w-ater 
flow'S  from  the  tunnel  into  the  flume,  it  is  car- 
ried out  on  to  the  dump  until  it  reaches  a 
point  where  it  can  have  a  fall  of  about  15 
feet  or  more.  Then  it  falls  through  a  box 
made  of  four  boards  nailed  together  as  nearly 
air-tight  as  possible.  This  box  is  connected 
to  the  inverted  barrel  as  shown.  The  connec- 
tion should  be  air-tight.  The  air  pipe  from 
the  tunnel  also  connects  with  the  barrel  about 
in  the  middle  of  the  side.  This  inverted  barrel 
sets  in  a  box  which  must  be  a  few  inches 
above  the  bottom  of  the  barrel.  The  water 
as  it  flows  from  the  bottom  of  the  barrel  rises 
over  the  box  and  flows  awa}'  as  indicated. 
The  water  flowing  out  in  this  manner  and 
dropping  some  15  to  20  feet  causes  a  suction 
which  will  almost  put  out  the  flame  of  a  can- 
dle in  1. 000  feet  through  a  6-inch  air  pipe. 

Fig.  5,  from  Raiki'ay  Age  Gacette,  is  a 
tandem  pneumatic  jack  giving  a  double  lifting 
power  without  increasing  the  cylinder  diame- 
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ter.  The  operation  of  the  jack  is  self-evident 
and  its  design  and  construction  are  interest- 
ing. The  parts  A  are  pressed  steel  cylinders 
into  which  the  boiler  steel  pistons  B  fit.     The 


pistons  are  screwed  to  the  same  piston  rod 
or  plunger  D,  which  is  made  of  cold  rolled 
steel  shafting,  and  are  locked  to  it  by  V^-'m. 
spring  cotter  pins.     The  center  of  this  rod  has 
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a  -Vi-in.  liolo  niiinin;^  pail  \\a>  ihroiij^h  it. 
which  coiuhicts  the  air  from  the  hose  con- 
iuctii)ii  /•'  to  tlic  mulcrsidi'  of  tlie  pistons 
through  the  ports  (/.  Leather  washers  (',  of 
the  Westiiij^house  staiulanl,  are  fastened  to 
each  of  the  piston  heads,  and  are  forced 
against  the  sides  of  the  cyhnders  by  expan- 
sion rinjji^s,  forming  air  tight  joints.  A  cover 
/:  is  phiced  over  the  lower  cyHnder  and  gives 
ad(hti(nial  stiffness  to  botli  the  walls  of  that 
cylinder  and  the  base  of  the  upper  cylinder. 
The  six  holes  shown  near  the  top  of  each 
cylinder  are  for  the  purpose  of  releasing  the 
air  when  the  piston  has  traveled  above  them, 
thus  preventing  the  rupturing  of  the  cylinders. 
These  jacks  are  made  in  12-in.  and  i8-in. 
sizes  by  the  Pneumatic  Jack  Company,  Louis- 
ville,  Ky. 

Fig.  6  is  a  vacuum  cleaner  described  by 
J.  G.  Bennington  in  Pozvcr.  It  will  be  found 
useful  in  an  engine  room  or  elsewhere  for 
sweeping  the  floor  or  cleaning  the  walls  and 
is  also  especially  effective  in  the  cleaning  of 
street  car  or  steam-road  coach  seats.  It  can 
be  used  wherever  there  is  a  pump  or  a  con- 
denser. First,  take  a  piece  of  pipe,  preferably 
12  inches  in  diameter,  and  cut  it  to  the  desired 
length  (not  less  than  2  feet).  Cover  one 
end  with  a  cap  having  a  i-inch  pipe  connec- 
tion in  it.  Cover  the  opposite  end  as  shown 
in  the  drawing.  Make  a  bag  out  of  good 
strong  material  like  duck  or  canvas  that  will 
fit  nicely  inside  the  12-inch  pipe,  not  coming- 
closer  to  the  bottom  than  6  or  8  inches.  The 
top  should  be  made  flaring  and  will  last  long- 
er if  bound  with  a  couple  of  sheet-iron  rings 
the  size  of  the  flange.  This  sack  is  to  catch 
the  dirt  and  dust  and  is  to  be  inserted  inside 
the  12-inch  pipe,  and  flaring  top  to  be  clamped 
between  the  halves  of  the  flange  union.  To 
clean  the  bag.  simply  take  it  out  and  turn 
and  brush  it ;  it  should  go  in  either  side  out. 
The  12-inch  vacuum  chamber  can  be  placed 
in  any  convenient  location  and  connected  to 
the  suction  side  of  the  air  pump  or  con- 
denser with  a  i-inch  pipe,  the  connection  be- 
ing made  in  the  bottom  below^  the  bag.  For 
the  top  there  should  be  a  i-inch  hose  connec- 
tion, taken  preferably  from  the  center  of  the 
flange  union,  or  a  pipe  may  be  run  from  the 
flange  union  around  the  plant  to  any  desired 
location  and  taps  taken  from  it  at  different 
points,^  when  a  shorter  length  of  suction  hose 
will  answer  for  the  cleaner.     The  cleaner  mav 


be  made  from  hardwood,  or  a  heavy  brush 
may  be  used  to  advantage  by  cutting  the  bris- 
tles out  of  the  center  lengthwise  of  the  brush, 
so  as  to  form  a  slot  about  K'  to  •>4  '"^"li  wide. 
The  brush  loosens  the  dirt  and  the  air  will 
draw  it  up  into  the  hose.  A  slot  will,  of 
course,  have  to  be  cut  through  the  wood  of  the 
brush  and  a  holder  for  the  hose  may  be  made 
from  a  piece  of  pipe  secured  to  the  tin  back 
with  which  it  will  be  necessary  to  cover  the 
brush. 

J<'ig.  7,  from  I'opiilar  Mechanics,  is  a  self- 
starting  siphon  which  has  proved  useful  in 
laboratory  work  in  siphoning  certain  solu- 
tions, such  as  sulphuric  acid  or  nitric  acid 
when  it  would  be  dangerous  to  start  the  si- 
phon by  the  usual  method  of  suckig  until  the 
tube  is  full.  If  made  of  one  piece  of  glass 
tube,  so  much  the  better,  although  it  may  be 
found  easier  to  use  two  or  three  pieces  con- 
nected with  rubber.  The  ratio  between  the 
lengths  of  A-B  and  B-C  must  be  about  as 
four  is  to  five.  To  begin  with,  the  solution 
must  be  high  enough  to  cover  the  first  bend, 
then  according  to  the  law  that  a  liquid  always 
seeks  its  own  level,  one  would  suppose  that 
it  w^ould  enter  the  tube  and  settle  at  a  point 
between  B  and  C.  However,  the  kinetic  en- 
ergy produced  by  the  falling  of  the  liquid 
from  A  to  B  is  sufficient  to  force  it  up  over 
the  bend  C.  From  there  it  simply  falls  and 
the  siphon  is  in  running  action,  having  started 
automatically. 

Fig.  8  is  an  oil  burner,  described  in  Cana- 
dian Machinery,  and  used  in  the  G.  T,  R. 
shops  at  Toronto  for  a  variety  of  purposes, 
such  as  the  removal  of  locomotive  tires,  heat- 
ing bent  frames  preparatory  to  re-straight- 
ening, heating  boiler  patches,  etc.  The  whole 
apparatus  is  easily  portable  and  of  extremely 
simple  construction.  The  oil  tank,  with  ca- 
pacity of  about  5  gallons  of  crude  oil,  is  filled 
through  a  funnel  fitted  with  a  strainer,  so 
as  to  preclude  the  possibility  of  choking  the 
needle  valve  which  controls  the  supply  to  the 
burner.  In  front  of  the  needle  valve  is  a 
tee,  into  which  is  screwed  a  short  length  of 
pipe.  At  its  end  is  a  reducing  coupling,  form- 
ing a  short  cone,  which  serves  to  introduce 
atmospheric  air  to  the  oil  pipe  and  is  effective 
in  causing  a  steady  flow.  Before  this  feature 
was  adopted,  it  was  found  impossible  to  ob- 
tain a  uniform  and  regular  stream.  The  com- 
pressed air  pipe  terminates  in  a  piece  of  bent 
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copper  pipe,  as  shown  in  the  separate  detail 
of  the  burner.  The  issuing  jet  of  air,  creates 
a  partial  vacuum,  and  induces  a  flow  of  oil, 
which  becomes  vaporised  as  it  enters  the  bur- 
ner cone. 

In  taking  off  a  tire,  without  removing  the 
wheels  from  under  the  locomotive,  the  burner 
is  packed-up  on  the  rail,  so  that  the  flame 
strikes  the  tread  of  the  tire  at  a  small  angle. 
The  axle  boxes  are  jacked-up,  to  bring  the 
tire  clear  of  the  rail,  and  the  wheel  slowly 
revolved  by  bars  to  ensure  the  tire  being 
uniformly  heated  all  round.  The  time  oc- 
cupied averages  about  twenty  minutes,  de- 
pending to  some  extent,  on  the  tire  diameter. 


altitudes  and  with  different  water  tempera- 
tures. The  curves,  the  writer  says,  are  based 
on  theory  with  suitable  corrections  from  prac- 
tice for  mechanical  eflliciency" — what  has  that 
to  do  with  it? — "leakage  and  air  pressure, 
and  have  proved  very  useful  to  me  in  my 
work." 


STORAGE  PURIFIES  WATER 

The  value  of  water  storage  as  a  means  of 
improving  its  quality  has  been  investigated 
for  the  Metropolitan  (London)  Water  Board 
by  its  director  of  water  examination,  Dr.  A. 
C  Houton.  He  carried  on  extensive  experi- 
ments of  the  comparative  vitality  of  unculti- 
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SUCTION  LIFT  OF  PUMPS  AT  DIFFER- 
ENT  TEMPERATURES  AND 
ALTITUDES 

The  diagram  on  this  page,  which  seems  to 
require  no  explanation,  was  sent  to  Povocr  by 
Mr.  W.  Vincent  Terry,  Essex,  England.  For 
those  who  only  cursorily  glance  at  the  dia- 
gram attention  is  called  to  the  numbering  of 
the  feet  on  the  bottom  line,  this  not  being  con- 
tinuous but  repeated  for  each  curve.  The 
curves  provide  a  ready  and  easy  means  of 
ascertaining  the  maximum  suction  lift  that 
a  pump  is  capable  of  dealing  with  at  various 


C  ^  ^  4-  Power. 

r  e  e  T 

vated  and  cultivated  typhoid  facilli  in  arti- 
ficially infected  samples  of  water  from  the 
river,  and  reached  the  conclusion  "that  even 
a  week's  storage  of  raw  river  water  is  an 
enormous  protection,  and  less  than  a  month's 
storage  an  absolute  protection  against  typhoid 
fever."  He  further  asserts  in  his  report  that 
"the  possibility  of  London  water  conveying 
epidemic  disease  may  be  finally  dismissed  from 
the  minds  of  inhabitants  of  the  metropolis  as 
a  fear  which,  on  convincing  experimental  evi- 
dence to  the  contrary,  has  at  last  been  defi- 
nitely proved  to  be  baseless." 
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Fig.    1.     Ejector  Valve   for   Air   Line 
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Fig.  2.     Piping  for  Ejecti.ng  Valve 

DRAINING  THE  AIR  LINE 

The  cuts  which  we  here  reproduce  from 
Engineering  and  Mining  Journal,  show  an 
automatice  device  recently  developed  in  Eng- 
land for  removing  the  water  w^hich  usually 
accumulates  in  compressed  air  pipe  lines.  Fig. 
I  shows  by  vertical  section  the  internal  con- 
struction and  Fig.  2  shows  the  mode  of  pip- 
ing. It  will  be  seen  that  the  apparatus  is  not 
large.  The  case  is  a  cylindrical  casting  of 
gini  metal  having,  with  its  cover,  three  open- 
ings, two  of  which  are  threaded  for  pipe  and 
the  third  is  a  small  hole  at  the  bottom  nor- 
mally closed  by  a  small  conical  valve.  Thi^ 
valve  is  the  end  of  a  gim  metal  spindle  which 
carries  a  copper  float,  with  a  plunger  above, 
the  top  of  which  is  exposed  to  the  pressure  of 
the  pipe  line.  This  pressure  is  balanced  by 
the  air  which  may  enter  at  the  water  inlet, 
the  unsupported  weight  of  the  float  being 
sufficient  to  keep  the  bottom  drain-opening 
closed.       When     water     enters     the     chamber 


from  the  water  inlet  the  float  is  lifted,  its 
travel  being  limited  by  an  adjustable  stop 
screw  above,  and  the  water  outlet  is  opened, 
'ilu'  pi|)i'  lini-  pressurt"  then  b]f)\vs  all  tlu'  wa- 
ter out  and  the  float  falls  and  closes  the  open- 
ing. When  grit  or  other  foreign  substances 
arc  likely  to  get  into  the  pipe  line,  strainers 
X  are  inserted  at  the  points  indicated  in 
Fig.  2. 


FIG.   I. 


AUTOMATIC  CAR  AND  PIPE  COUPLER 

The  ingenious  coupler  shown  in  the  half 
tone  Fig.  i  and  sectional  drawing  Fig.  2,  has 
been  designed  by  the  Westinghouse  Air  Brake 
Company  and  is  being  largely  adopted  by  the 
Interborough  Rapid  Transit  Company,  of 
New  York.  It  automatically  connects  not 
only  the  drawbars  but  also  the  air  connections 
of  the  two  cars  brought  together.  The  coupler 
head  consists  of  a  solid  body  casting,  which 
has  a  suitable  hook  and  recess  in  its  face  to 
engage  w'ith  the  corresponding  face  of  the 
other  coupler.  The  heads  are  so  designed 
that  they  will  couple  when  3  in.  out  of  vertical 
alinement  and  7  in.  out  of  horizontal  aline- 
ment.  The  couplers  are  held  to  the  drawbar 
by  a  horizontal  pin,  which  allows  them  to 
swing  up  or  down,  giving  the  necessary  flexi- 
bility when  passing  over  imperfections  in  the 
track.  When  uncoupled  they  are  held  in  a 
horizontal  plane  by  a  spring  located  under- 
neath the  drawbar  and  pressing  against  the 
coupler. 

The  air  connections  run  alongside  of  the 
drawbar  and  are  connected  to  the  coupler  by 
a  flexible  hose,  which  is  comparatively  short 
in  length  and  has  no  bends,  thus  eliminating 
any  possibility  of  kinking.  This  hose  is  per- 
manentlv    connected     and    will    wear    for    a 
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FG.    2. 


longer  time  than  the  hose  of  the  ordinary  air 
connections.  When  coupled,  the  couplers  are 
locked  so  that  there  is  no  lost  motion  between 
them.  This  is  accomplished  by  the  type  of  lock 
used,  which,  as  will  be  seen  in  the  sectional  il- 
lustration, automatically  takes  up  the  play  as 
the  couplers  become  more  closely  interlocked. 
In  coupling  the  two  heads  slide  into  each 
other  for  about  1J/2  in.  in  a  direction  about 
40  degs.  with  the  axis  of  the  drawbar. 

The  face  of  the  locking  cam  A  engages  with 
the  machined  surface  B  of  the  opposite 
coupler.  In  case  one  locking  cam  should  be 
out  of  service,  it  will  be  seen  that  the  other 
is  sufficient  to  hold  the  connection.  It  will 
.also  be  noticed  that  the  air  connection  gaskets 
C  come  together  in  almost  a  perpendicular 
line,  which  prevents  undue  wear  from  abra- 
sion. The  locking  cam  is  controlled  by  a  lever 
on  top  of  the  drawbar,  which  operates  the 
cam  D  through  segmental  gears.  This  cam, 
working  on  the  pin  E  throws  the  locking  cam 
in  and  out  of  service  as  desired.  Both  of  these 
locking  cams  must  be  thrown  out  before  the 
cars  can  be  separated  and  after  being  un- 
coupled they  can  be  thrown  into  the  coupling 
position  again,  allowing  the  couplers  to  lock 
automatically.  When  the  couplers  are  locked 
together  they  are  as  rigid  as  a  single  casting, 
thus  providing  a  tight  joint  for  the  air  con- 
nections.— Railway  Age  Gazette. 


The  speed  at  which  rock  can  be  drilled  does 
not  indicate  how  it  will  break.  It  often  hap- 
pens that  rock  easily  drilled  is  hard  tq  blast. 


PATCHING  A  SEA  WALL  WITH  THE 
CEMENT    GUN 

The  Massachusetts  coast  line  in  the  vicin- 
ity of  Lynn,  is  protected  by  a  heavy  concrete 
sea  wall.  The  structure  is  continually  wetted 
by  the  spray,  and  as  there  is  a  considerable 
rise  and  fall  in  the  tides,  the  low  portions  of 
the  wall  are  alternately  above  and  below  the 
water  surface.  These  conditions,  it  is  be- 
lieved, have  tended  to  cause  the  disintegra- 
tion of  the  concrete  face  of  the  wall.  Large 
holes  have  been  formed  and  there  are  patches 
where  the  mortar  surfacing  has  scaled  off,  ex- 
this  fact  can  be  neutralized.  The  inventor  of 
posing  the  large  stones  of  the  concrete  ag- 
gregate. The  reason  advanced  for  the  disin- 
tegration of  the  face  is  not  that  the  salt  wa- 
ter has  any  destructive  effect  upon  the  con- 
crete, but  that  the  water  works   into  porous 
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i^c'Ctions   in    the    wall   ami    freezes,  causing   the 
face  to  peel  iA'(. 

Attempts  were  made  to  patch  up  the  holes 
by  haiul.  usiiij;  a  I'ortlatKl-cemeiil  mortar,  hut 
the  results  were  not  satisfactory,  atul  when 
iiiiished  the  patches  stood  out  like  lar^e 
blotclies  on  the  surface,  destroxiuj^  the  inii- 
formity  of  the   face  of  the  wall. 

A  more  etiicieut  method  oi  doiuj^  the  work 
was  soiij^ht,  and  Mr.  John  R.  Rahin.  chief  en- 
gineer of  the  Metropolitan  Park  Commission, 
decided  to  try  the  "cement  gun."  This  device 
consists  essentially  of  superimposed  steel 
tanks  forming  two  compartments,  from  the 
bottom  of  which  a  dry  mixture  of  sand  and 
cement,  which  is  entirely  under  the  control  ot 
the  operator,  is  ejected  by  compressed  air 
through  a  hose  line  carrying  a  .specially  de- 
signed nozzle  at  its  discharge  end.  To  this 
nozzle  a  second  and  smaller  hose  delivers  a 
sujiply  of  water  under  pressure.  The  mix- 
ture of  sand,  cement  and  water,  the  latter  be- 
ing supplied  to  the  drx-  constituents  just  be- 
fore they  emerge  from  the  nozzle,  shoots  out 
through  the  nozzle  orifice  with  considerable 
force  and  impinges  upon  the  surface  at  which 
the  gun  is  pointed.  The  mortar  issues  in  the 
form  of  a  spray,  which  adheres  to  the  sur- 
face, and  may  be  built  up  to  any  thickness  de- 
sired. 

A  cement  gun  machine  was  therefore  ship- 
ped to  Lynn  and  set  up  on  top  of  the  sea  wall. 
The  hose  lines  were  carried  dow-n  along  the 
face  of  the  wall  and  the  nozzle  was  manipu- 
lated by  an  operator  at  the  base,  as  shown 
in  the  accompanying  illustration.  Practically 
all  of  the  patch  work  was  near  the  foot  of  the 
wall,  so  that  no  scaffolding  had  to  be  erected. 
One  of  the  advantages  of  the  cement  gun 
over  the  hand-patching  method  lay  in  the  fact 
that  all  of  the  plant  was  located  on  top  of 
the  wall,  so  that  nothing  had  to  be  moved 
when  the  tide  came  in.  It  was  found  also 
that  the  stream  of  mortar  from  the  nozzle 
packed  in  tightly  in  all  of  the  small  crevices 
of  a  honeycombed  section  of  wall,  completely 
filling  the  gap.  Before  the  patching  work 
was  actually  started,  however,  all  the  loose 
pieces  of  concrete  were  picked  away  from 
the  surface  and  an  air  blast  from  the  cement 
gim  nozzle  turned  upon  the  area  to  be  re- 
paired in  order  to  blow  away  the  dirt  and 
dust,  thereby  securing  a  clean  surface  and 
making  a  good  bond. 


rile  mortar  was  mixed  in  the  proportions 
of  one  part  Portland  cement  to  three  parts 
sand.  This  resulted  iu  an  actual  mixture,  as 
applied  t(>  the  wall,  of  about  one  to  two,  for 
wlu'ii  the  blast  is  tiu'ued  on  a  i)ortion  of  the 
sand  bomids  ;iwa\  from  the  surface  before 
tlu'  mortar  starts  to  build  up.  Air  pressure 
was  furnished  by  a  portable  gasoline-driven 
eouii)ressor,  and  as  an  experiment  10  per  cent. 
of  hydrated  lime  was  mixed  in  with  some  of 
the  batches  and  about  2  per  cent,  of  Toxcmcnt 
waterproofing  compoimd   in   others. 

After  the  patches  had  been  made  the  entire 
wall  was  given  a  thin  surfacing  coat  of  mor- 
tar with  the  gun,  and  this  resulted  in  making 
the  eiUire  face  a  imiform  color  and  added 
greatly  to  its  appearance.  It  was  found  that 
after  the  mortar  had  set  from  four  to  five 
hours  it  was  sufficiently  hard  to  resist  the 
wave  action — .Condensed  from  Engineering 
Record. 


THE    RUPING    PROCESS    FOR  CREO- 
SOTINQ  TIMBER 

At  a  recent  demonstration  of  this  process, 
various  shapes  and  kinds  of  wood  were  se- 
lected, such  as  redwood  poles,  timbers,  sleep- 
ers, fencing,  paving  blocks,  and  whitewood 
battens  and  boards.  These  were  all  weighed 
and  measured  and  then  sealed  up  in  a  cylin- 
der, where  they  were  subjected  to  an  air 
pressure  of  about  50  lb.  per  square  inch,  and 
then  the  cylinder  was  filled  with  creosote, 
the  air-pressure  being  maintained.  Next  a 
pressure  of  80  lb.  per  square  inch  was  put  on, 
after  which  the  pressure  was  released  and  the 
cylinder  opened.  The  timber  was  then  taken 
out  and  re-weighed,  show'ing  the  amount  of 
oil  remaining  in  it.  Various  pieces  of  the 
wood  were  cross-cut,  and  showed  a  remark- 
able penetration  of  oil,  nearly  to  the  centre. 
This,  it  was  stated,  was  impossible  in  the  old 
method  except  at  a  great  cost,  and  this  also 
applied  to  the  whitewood,  into  which  it  used 
to  be  practically  impossible  to  inject  the  oil. 
One  of  the  features  of  the  process  is  the  ex- 
treme cleanliness  of  the  treated  wood.  It  is 
quite  dry  and  clean  to  handle,  and  not  dirty 
and  clogged  with  oil  as  is  generally  the  case 
with  creosoted  wood.  By  this  method,  it  is 
stated,  the  cost  is  very  greatly  reduced,  for 
waste  of  the  preserving  liquid  is  entirely 
avoided,  whilst  better  results  are  obtained,, 
it  seems,  than  by  the  old  method. 
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SKILL  PROMOTERS 

Mechanics  in  general  arc  not  wanting  in 
respect  for  personal  skill  and  the  achievements 
of  skill,  but  individually  they  still  are  quite 
apt  each  to  assume  that  his  own  trade  requires 
and  develops  more  skill  than  any  other.  The 
machinist,  the  blacksmith  and  the  molder,  for 
instance,  can  each  think  that  he  can  do  and 
actually  does  things  which  for  each  of  the 
others  would  be  impossible.  H  it  should  come 
to  be  recognized  and  appreciated  that  each  is 
probably  correct  in  his  view  the  fact  should 
tend  to  promote  mutual  respect  instead  of  the 
reciprocal  depreciation  which  is  most  familiar. 

It  may  be  true  in  some  things  that  "the  look- 
er-on sees  the  most  of  the  game,"  but  in 
watching  the  routine  manipulations  of  work- 
men in  the  trades  the  looker-on  cannot  really 
be  said  to  see  the  true  inwardness  of  the  game 
at  all.  The  one  operation  of  the  molder's 
trade  which  has  always  taken  more  of  his  time 
and  strength  than  any  other  has  been  the  ram- 
ming of  the  sand  in  the  molds.  The  unthink- 
ing on-looker  can  regard  this  as  simply  hard 
muscular  labor  and  nothing  more,  and  in  that 
view  of  it  the  invention  of  the  sand  rammer 
was  inevitable  for  the  relief  on  the  tired  work- 
man. 

But  to  the  well  informed  the  operation  of 
sand  ramming  in  the  foundry  is  one  of  great 
responsibility,  and  the  success  of  the  molder 
in  the  trade  is  never  contingent  upon  the  use 
alone  of  his  muscle  in  ramming,  but  upon  the 
judgment — skill's  most  potent  factor — with 
which  it  is  employed.  There  is,  as  the  phrase 
is,  ramming — and  ramming,  and  skill  is  the 
differentiator.  If  the  requirement  were  simply 
to  pack  the  sand  in  the  mold  as  tightly  as  pos- 
sible the  task  of  ramming  would  be  a  simple 
one  and  the  power  rammer  might  well  be  made 
automatic ;  but  in  fact  it  is  usually  most  de- 
sirable and  often  very  necessary  to  have  the 
sand  packed  as  loosely  as  possible,  if  it  will 
only  hold  the  molten  metal  to  its  shape,  it 
thereby  retaining  some  porosity  to  permit  the 
escape  of  the  gases  generated  or  liberated 
when  the  mold  is  poured.  It  often  happens 
also  that  some  portions  of  the  mold  require 
to  be  rammed  heavier  or  lighter  than  other 
portions  and  here  the  skill  of  the  molder  has 
a  chance  to  show  itself.  Foundry  experience 
is  full  of  instances  where  the  successful  pro- 
duction of  certain  castings  has  been  defeated 
by  injudicious  ramming  and  where  later  per- 


6274 


COMi'KESSED  AlK  MAL.AZ1M- 


feet  results  have-  l)een  secured  by  a  eliauge  in 
this  detail  alone. 

The  hfadiug  oi  this  ariiele  suggests  thai  the 
pueuuiatie  hainuier  is  a  promoter  of  skill  in 
the  niolder,  and  it  should  not  be  difficult  to 
justify  the  title.  The  pneumatic  hammer  in 
the  first  place  relieves  the  molder  of  the  most 
fatiguing  detail  ol  his  work  and  saves  more 
of  his  energies  for  the  thitd<ing  portion  of  it. 
This  is  not  an  imaginary  benetit,  for,  other 
things  being  equal,  the  man  strong  in  the  arm 
and  worked  to  the  hmit  in  that  function  is  not 
also  strong  in  the  head,  active  in  planning  for 
the  best  results  and  quick  to  see  the  best  ways 
leading  to  their  attainment. 

But  in  the  act  of  ramming,  the  pneumatic 
hammer  docs  much  more  than  merely  to  sup- 
ply the  power  for  the  work.  It  also  changes 
the  character  of  the  ramming,  and  gives  the 
molder  a  variety  of  execution  in  the  ramming 
which  his  muscles  at  the  best  could  not  com- 
mand. The  force,  the  direction  and  especially 
the  rapidity  of  the  blows  are  so  completely 
under  the  control  of  the  molder  that  we  might 
compare  the  manipulation  of  the  hammer  to 
the  playing  of  a  musical  instrument,  with  its 
legato,  staccato,  crescendo,  diminuendo  pass- 
ages,  and  all   the  rest  of  it. 


THE  HOISTING   PROBLEM 

There  are  no  industries  where  the  operation 
of  hoisting  and  lowering  of  material,  of  tools 
and  appurtenances,  of  work  in  progress  or 
of  the  finished  product,  do  not  frequently 
and  constantly  occur,  and  other  means  than 
human  muscle  have  to  be  provided;  but  we 
have  been  slow  enough  in  getting  at  it. 

The  steam  engine  is  well  along  into  its 
second  century,  but  we  had  only  the  hand- 
cranked  crane  and  the  rope  and  tackle  blocks 
for  all  our  heavy  lifting  up  to  the  middle  of 
the  last  century.  Then  the  differential  chain 
hoist  came  in.  This,  though  still  hand-oper- 
ated, was  a  great  improvement,  in  that  it 
would  hold  the  load;  but  it  was  slow  in  oper- 
ation, both  for  hoisting  and  for  lowering,  and 
it  required  about  as  much  power  for  the 
latter  as  for  the  former  operation.  The  in- 
genuity of  the  device  did  much  to  give  it  a 
start  and  to  continue  its  vogue  so  long. 

The  lifting  of  weights  is  one  of  the  sim- 
plest operations  for  which  mechanical  power 


can  be  employed,  and  ulurc  men  are  still 
d(»ing  it  the  (luestion  is  always  pt-rtini-nt  as  to 
why  such  waste  of  lalxjr  is  permitted.  The 
actual  means  by  which  tlu-  power  is  applied 
to  the  specific  job  must  be  determined  by  the 
conditions.  For  the  simplest  lifts  we  have  at 
once  the  simplest  device  which  can  probably 
be  devised.  The  direct  air  hoisl  is  quite  com- 
mon now,  but  its  general  employment  Ix'gan 
only  about  a  score  of  years  ago,  and  there 
are  still  many  places  where  it  is  conspicuous 
by  its  absence.  Many  industrial  concerns  even 
up  to  the  present  day  have  failed  to  provide 
for  themselves  an  air  supply,  and  for  these, 
of  course,  there  is  an  explanation,  but  not 
an  excuse  or  justification;  but  where  the  air 
is  there  should  be  the  air  hoist.  Quite  recent- 
ly the  writer  noted  the  anomaly  of  a  stone 
yard  with  pneumatic  tools  at  work  but  with 
only    hand-operated    hoists. 

Though  the  direct  air  hoist  is  so  simple  in 
its  action,  responding  with  ideal  promptness 
to  the  manipulation  of  its  valve  for  either 
motion,  still  its  very  simplicity  and  prompt- 
ness sometimes  seem  to  be  in  excess.  It 
may  hoist  too  quickly  and  may  not  stop  the 
load  at  the  precise  point  desired,  while  a  care- 
less hand  may  drop  the  load  too  sharply.  It 
also,  when  the  air  is  shut  off,  will  not  hold 
its  load  continuously,  slight  leakage  allow- 
ing a  slow  descent — extremely  slow,  if  every- 
thing is  all  right — but  still  it  cannot  hold  ab- 
solutely. The  motor  hoist  has  more  than  all 
of  the  desirable  properties  and  none  of  the 
objections  here  suggested.  It  is  entirely  re- 
sponsive to  the  control  of  its  manipulator.  It 
will  hoist  at  any  speed  desired ;  it  will  stop 
with  precision;  it  will  hold  its  load  absolute- 
ly for  any  length  of  time;  it  will  lower  gently 
and  will  not  run  down  to  make  unnecessary 
slack  to  be  taken  up  before  the  next  hoist. 
It  is  useful  for  running  along  overhead  tracks 
and  holding  the  load  suspended  from  place 
to  place.  The  desirable  features  seem  to  be 
all  there,  with  nothing  to  offset  them. 

The  electric  air  drill  made  it  possible  to  run 
an  entire  mining,  tunneling  or  quarrying  plant 
entirely  by  electricity  and  to  dispense  with  the 
air  compressor.  The  air  motor  hoist  does  the 
reverse  of  this  and  makes  it  just  as  possible 
to  dispense  with  the  electric  current  when  it 
is  not  otherwise  imperatively  needed  and  to 
use  only  the  air.  The  desirability  of  using 
in  either  case  the  single  style  of  power  trans- 
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mission  is  siimciently  apparent.  The  type  of 
motor  which  actuates  the  air-motor  hoist  can 
be  used,  and  is  used,  for  driving  rotating 
drills  for  metal,  and  for  other  tools  in  ma- 
chine shops,  boiler  shops  and  elsewhere.  Like 
all  other  air-operated  devices,  the  motor  hoist 
costs  nothing  for  power  or  for  power  main- 
tenance except  when  it  is  actually  working. 
The  moment  the  dynamo  stops  the  electric 
motor  is  paralyzed,  but  there  is  always  air 
enough  for  a  hoist  in  the  receiver. 


QUESTIONS  AND  ANSWERS 

I.  S.  G.  How  far  would  the  piston  travel 
in  an  air  compressor  cylinder  to  raise  the 
pressure  of  the  cylinder  of  air  from  atmos- 
phere to  I  lb.  gage?  Also  supposing  the  con- 
tents of  the  air  cylinder  to  be  i  lb.  above  at- 
mosphere at  the  beginning  of  the  stroke,  how 
much  greater  would  be  the  quantity  of  air  in 
the'  cylinder  as  compared  with  a  cylinderful 
at  just  atmospheric  pressure?  A.  For  the  first 
question,  neglecting  the  change  of  temperature 
and  assuming  the  cylinder  to  be  just  filled 
with  air  at  atmospheric  pressure  at  the  be- 
ginning of  the  stroke,  the  difference  in  the 
air  volume  before  and  after  the  compression 
would  be  inversely  as  the  absolute  pressure, 
thus: 

i47+i:i4.7::i:.936 

and  the  piston  travel  would  therefore  be : 
I — .936=.o64,  or  say  just  a  trifle  over  1-16 
of  the  stroke.  Again,  as  the  cylinderful  of 
free  air  when  compressed  to  i  lb.  above  at- 
mosphere occupied  only  .936  of  the  cylinder 
the  cylinderful  at  i  lb.  pressure  would  be 
i-i--936=i.o68. 

C.  S.  D.  Will  you  kindly  give  us  the  solu- 
tion to  the  following :  The  diameter  of  the 
piston  is  1^9-16",  the  stroke  of  the  piston  is 
f^"  and  the  number  of  revolutions  per  min- 
ute is  3500.  How  many  cubic  feet  of  free 
air  would  be  required  at  a  pressure  of  135 
pounds  ?  What  capacity  of  air  compressor 
would  be  required  to  maintain  this  pressure 
of  135  pounds? 

A. —  We  offer  the  following  rough  solu- 
tion, as  the  case  does  not  warrant  the  going 
into  questions  of  temperature,  etc.  In  fact 
we  think  the  figures  we  give  are  the  best 
to  use  for  such  smaH  practice.  We  under- 
stand  that   you   want   to   drive   an   engine   or 


motor  with  compressed  air  and  you  wish  to 
know  the  volume  of  free  air  required.  As- 
suming that  the  engine  is  double  acting  and 
that  there  is  no  cut  off,  the  computation  for 
the  air  consumed  would  be : 
1.5625  (cyl.  dia)  X  7854  X  75  in.  (for  double 

stroke)    X  350O   (revs,  per  min.)   -^   1728 
=:   2.91    cu.   ft.  per   min. 

This  is  very  nearly  3  cubic  feet,  and  adding 
one-third  for  clearance  and  other  losses,  we 
have  4  cubic  feet  of  air  at  135  lbs.,  gage  pres- 
sure, or  135  -|-  15  =z:  150  lbs.  absolute  pres- 
sure, or  ten  atmospheres.  Then  the  volume 
of  free  air  will  be:  15:150:  :4:40  cu.  ft.  of 
free  air  per  minute.  A  conimon  commercial 
size  for  a  small  compressor,  usually  power 
driven,  would  be  6  in.  diameter  by  6  in.  stroke. 
This,  either  double  acting  or  with  two  single 
acting  cylinders,  at  250  revs,  per  min.,  would 
have  a  theoretical  capacity  .as  follows : 
6^  X  7854  X  I  ft.  (for  double  stroke)  X  250 
-f-- 144  =  49  cu.  ft.  per  min. 

Such  a  compressor  could  not  be  run  con- 
tinuously up  to  such  a  pressure  on  account 
of  the  heat  developed,  and  it  should  not  be 
so  run  on  account  of  the  greater  power  re- 
quirement as  compared  with  two-stage  com- 
pression, but  it  would  do  for  short,  inter- 
mittent  runs. 


NEW  BOOK 

Rock  Drilling  with  particular  reference  to 
Open  Cut  Excavation  and  Submarine  Rock 
Removal,  By  Richard  T.  Dana  and  W.  L. 
Saunders.  Data  compiled  by  Construction 
Service  Company,  New  York,  John  Wiley  & 
Sons.  327  pages,  6x9  inches,  127  illustrations, 
mostly  half  tones,  $4.00  (net). 

The  book  is  fairly  described  by  its  title- 
pages.  It  is  a  compilation  of  practical  data 
from  reliable  sources.  It  tells  of  work  actual- 
ly done  and  of  the  means  and  methods  em- 
ployed. Blasting  and  Explosives  are  first  dis- 
cussed, then  the  Rock  Drill  in  all  its  relations, 
while  the  bulk  of  the  work  is  made  up  of  rec- 
ords from  actual  operations,  first  in  open  work 
on  -land  and  then  in  subaqueous  drilling  and, 
excavation. 


The  volume  of  the  lithosphere,  or  stony 
crust  of  the  earth,  including  the  continents 
elevated  above  the  sea,  is  estimated  at  1,633,- 
000,000  cubic  miles.   • 
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OZONE  IN   THE    INDUSTRIES 

In  an  article  wliicli  recently  appeared  in  tlie 
Times,  of  London,  it  is  stated  that  experi- 
mental trials  have  heen  carried  out,  hoth  in 
England  and  elsewhere,  relating  to  the  nsc 
of  ozonized  air  in  the  various  operations  car- 
ried on  in  breweries,  and  these  indicate  that 
ozone  coulil  he  used  with  advantage  either  in 
the  treatment  and  cleansing  of  brewing  ves- 
sels anil  casks  or  in  the  ventilation  of  the  ves- 
sels and  tuns  in  which  the  wort  is  stored. 
The  presence  of  large  numbers  of  bacterial 
and  other  living  organisms  in  the  air  of  towns 
has  a  prejudicial  inthience  upon  the  fermen- 
tation of  the  wort,  and  in  some  cases  the 
troubles  that  arise  in  brewing  are  attributed 
to  the  action  of  these  agents.  By  means  of 
ozonizing  apparatus  sterilized  air  could  be 
supplied  to  the  refrigerating  and  storage  ves- 
sels containing  the  wort,  and  the  dangers  of 
contamination  be  avoided.  Another  advantage 
of  the  applications  would  be  that  the  mould 
fungi  and  other  micro-organisms,  which  are 
usually  found  upon  the  walls  of  the  vessels 
and  rooms,  would  be  killed  and  their  further 
growth  stopped.  The  use  of  ozone  for  bleach- 
ing flour  has  also  been  the  subject  of  many 
experiments,  and  has  also  led  to  considerable 
patent  litigation.  This  application  of  ozone, 
however,  has  not  developed,  and  it  is  now 
generally  considered  that  pure  ozone  will  not 
bleach  flour,  and  that  it  was  probably  the 
presence  of  nitrogen  oxides  or  of  hydrogen 
peroxide  which  yielded  the  results,  which 
were  claimed  to  be  due  to  ozone  in  the  earlier 
experiments. 


IMPROVED  AIR  SERVICE  FOR  A 
CRUCIBLE  FURNACE 

An  oil-fired,  tilting  crucible  furnace,  re- 
cently patented  in  Germany  by  W.  Buess, 
makes  provision  for  cooling  the  bottom  of  the 
furnace  and  heating  the  air  at  the  same  time. 
The  furnace  consists  of  the  usual,  cylindrical 
chamber  lined  with  fire  brick  and  is  provided 
with  hollow  trunnions  supported  in  bearings 
in  a  standard  to  permit  of  tilting  the  furnace. 
The  furnace  is  equipped  with  a  detachable 
base  formed  of  a  slab  of  refractory  material 
supported  by  a  cellular  metal  bottom  provided 
with  flanged  edges  to  enable  it  to  be  bolted 
onto  a  corresponding  flange  on  the  bottom  of 
the    furnace   casing.     The   air   is   conveyed   by 


means  ol  tlu-  truiniitju  to  the  hollow  b(jltom 
where  it  circulatis  in  such  a  manner  as  to 
C(iol  the  bottom  and  at  [\\v  ^anu-  linic  absorb 
the  maximum  amount  of  heat.  l"Vom  the 
chamber  the  heated  air  passes  to  the  burner 
through  a  valve  controlled  pipe.  By  this  ar- 
rangement the  compressed  air,  which  serve* 
to  inject  the  liciuid  fuel,  not  only  serves  to 
cool  the  hottest  part  of  the  furnace,  but  is 
simultaneously  warmed  prior  to  its  mixture 
with  the  oil,  resulting,  it  is  claimed,  in  a  con- 
siderable saving  in  repairs  and  fuel. — The 
foumiry. 


THE  LARGEST  SHOCKLESS   JARRING 
MOLDING    MACHINE 

The  shockless  jarring  machine,  for  packing 
the  sand  in  foundry  molds  to  the  required 
density  w'ithout  the  tedious  operation  of  ram- 
ming, was  described  and  its  principle  of  oper- 
ation explained  in  Compressed  Air  Magazine, 
July,  1 9 ID,  page  5710. 

In  its  usual  form  the  machine  consists  of 
a  jarring  table — this  the  top  of  the  machine 
upon  which  the  mold  to  be  jarred  is  placed — 
the  table  mounted  upon  an  upstanding  plung- 
er forming  the  anvil,  which  in  turn  is 
mounted  in  a  cylindrical  base  and  supported 
upon  long  helical  springs.  Compressed  air 
is  admitted  through  an  automatic  valve,  un- 
der hand  control,  attached  to  the  plunger  or 
anvil  base,  and  passes  first  into  the  jarring 
cylinder  to  raise  the  loaded  table,  At  some 
predetermined  point  in  the  table  movement, 
the  -air  is  automatically  cut  off  from  the  cyl- 
inder, and  while  the  valve  is  reversing,  the 
air  will  expand  and  lift  the  table  further  from 
its  anvil,  provided  its  initial  pressure  exceeds 
the  balancing  pressure  due  to  the  weight  car- 
ried. Then,  when  the  operating  valve  com- 
pletes its  reverse  movement  the  air  from  the 
jaring  cylinder  may  be  exhausted  into  the  at- 
mosphere, but  preferably  it  passes  from  the 
jarring  cylinder  to  the  anvil  cylinder  beneath, 
and  the  table  drops  by  gravity  against  the  re- 
duced pressure  in  the  cylinder.  At  the  same 
time  the  plunger  base  or  anvil  is  relieved  of 
a  considerable  part  of  the  load  carried  by 
its  supporting  springs,  which  immediately  ex- 
pand, giving  the  anvil  an  upward  velocity  to 
meet  the  falling  table.  When  air  is  expanded 
from  the  jarring  cylinder  into  the  anvil  cylin- 
der this  upward  velocity  of  the  anvil  is  aug- 
mented and  the  falling  velocity  of  the  table  is 
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somewhat  retarded,  but  in  any  case  the  momen- 
tum of  the  rising  anvil  is  substantially  equal  to 
that  of  the  falling  table  at  the  instant  of  impact. 
As  a  result,  both  table  and  anvil  come  to  rest 
with  great  jarring  or  ramming  effect  upon 
the  sand,  but  without  shock  or  jar  upon  the 
foundation   or   any   surrounding   material. 

These  machines  have  been  built  in  various 
sizes  and  operated  with  complete  success,  per- 
haps the  most  satisfactory  practical  endorse- 
ment being  in  the  possibility  of  such  a  machine 
as  shown  in  the  halftone,  believed  to-  be  the 
largest  jar-ramming  molding  machine  evor 
built  and  being  actually  the  largest  of  the 
shockless  type  yet  manufactured.  This  ma- 
chine was  built  by  the  Tabor  Mfg.  Co.,  Phila- 
delphia, and  is  equipped  with  a  steel  table, 
8  X   12  feet,  with  cylinder  attached,  36  inches 


in  diameter.  It  is  mounted  upon  a  plunger 
base  of  cast  iron,  weighing  about  65,000 
pounds.  The  plunger  base  is  fitted  in  the  cyl- 
inder base,  five  feet  in  diameter  and  rests 
upon  22  helical  steel  springs,  aggregating  over 
3,000  pounds  in  weight.  The  total  weight 
of  the  machine,  as  shown,  is  between  90,000 
and  ioo,ooD  pounds.  The .  machine  has  al- 
ready been  tested  and  will  soon  be  shipped  to 
a  large  iron  foundry  in  the  vicinity  of  Philadel- 
phia. The  tests  have  shown  that  the  action 
and  control  is  equal  to  that  of  any  of  the 
smaller  machines  of  the  same  type,  and  the 
company  for  which  it  has  been  built  expects 
to  ram  molds  with  this  device  from  six  to 
eight  feet  wide  and  12  to  18  feet  long,  weigh- 
ing anywhere  within  the  rated  capacity  of  50,- 
OOD  pounds. 
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NOTES 

A  subsidiary  company  of  the  Canadian 
Northern  Railway  has  completed  plans  for 
effecting  an  entrance  into  the  heart  of  the 
city  of  Montreal  by  bnilding  a  three-mile  tun- 
nel under  Mount  Royal.  A  new  terminal  will 
also  be  constructed,  in'  which  the  latest  im- 
provements in  terminal  facilities  will  be  em- 
bodied. The  total  cost  of  the  tuiniel  and  ter- 
minal together  will  be  $25,000,000. 


Calculation  shows  that  a  thistle-down  start- 
ing from  an  elevation  of  20  feet,  in  still  air, 
would  require  two-thirds  of  a  minute  to 
reach  the  ground.  With  a  wind  blowing  20 
miles  an  hour  it  would  be  carried,  on  the 
average,  about  a  fifth  of  a  mile.  The  total 
surface  exposed  to  the  air  in  an  average 
thistle-down  is,  on  account  of  the  great  num- 
ber of  hairlets,  a  little  more  than  one-third 
of  a  square  foot. 


Natural  gas  can  be  liquefied  by  pressure, 
either  alone  or  with  the  aid  of  refrigeration 
in  a  manner  similar  to  that  employed  in  the 
manufacture  of  "blau  gas,"  which  is  liquefied 
under  a  pressure  of  15000  lb.  per  square  inch 
and  is  shipped  in  steel  drums  to  wherever  it 
is  needed.  On  releasing  the  pressure  the 
liquid  becomes  a  gas  again  and  can  be  em- 
ployed for  any  purpose  for  which  gas  is  used. 


The  reason  that  explosions  in  bituminous 
mines  are  more  apt  to  occur  in  late  fall 
and  winter  than  any  other  season,  is  because 
the  mines  are  drier  in  winter.  Cool  air  con- 
tains less  moisture  than  warm  air,  the  warmth 
of  the  mine  raises  the  temperature  of  the  en- 
tering, cold,  winter  air,  and  as  the  air  be- 
comes warm,  it  absorbes  water,  thus  taking  up 
the  moisture  and  depositing  it  outside. 


When  it  is  desired  to  secure  an  approximate 
idea  •  of  the  movement  or  velocity  of 
an  air  current  that  appears  almost  stag- 
nant, and  if  an  anemometer  is  unavail- 
able for  immediate  use,  a  heavy  rag,  or  a 
piece  of  brattice  cloth  charged  with  dust  will 
prove  a  ready  means  of  making  the  test.  A 
rap  of  the  hand  on  the  rag  or  cloth  will  raise 


a  cluud  of  dust  which  the  air  current  will 
carry  away,  allowing  the  observer  to  form 
an   estimate   of  the   velocity. 


A  great  dam  is  being  built  in  the  Missis- 
sippi River,  between  Illinois  and  Iowa,  at  Dal- 
las City,  111.,  which  will  cost  $27,000,000  and 
develop  about  200,000  horsepower.  It  is  ex- 
pected that  the  cheap  power  thus  made  avail- 
able will   develop  a  great  manufacturing  city. 


The  number  of  men  employed  in  the  word's 
mines  and  quarries  exceeded  6,000,000  for  the 
year  1909,  according  to  a  recent  report  of 
the  British  chief  inspector  of  mines.  The  to- 
tal number  was  probably  nearer  8,000,000; 
since  the  English  figures  include  for  the 
United  States  only  our  coal  miners,  and  but 
part  of  our  metal  miners.  A  few  countries 
comprising  Bolivia  with  its  tin  mines,  Bra- 
zil with  its  gem  fields,  China  with  its  coal, 
iron  and  tin  mines,  Turkey  and  Persia  are 
unrepresented   in  "the   statistics. 


It  is  stated  that  Messrs.  Krupp,  of.  Essen, 
are  now  producing  a  type  of  steel  for  safes 
which  resist  the  action  of  quick-cutting  drills 
and  breaks  the  best  bits  Hke  glass,  and  it  is 
equally  proof  against  the  blowpipe.  To  cut 
it  in  this  way  a  length  of  time  is  required 
not  at  the  disposal  of  a  burglar.  To  cut 
a  plate  i^  in.  thick  with  a  blowpipe,  it  takes 
6  to  14  hours,  420  cu.  ft.  of  hydrogen  and  450 
cu.  ft.  of  acetylene.  This  would  involve  the 
conveying  of  six  steel  cylinders  of  com- 
pressed gas,  each  weighing  150  pounds,  which 
is  presumably  be^'ond  the  resources  of  the 
average   burglar. 


At  a  recent  meeting  of  the  Lancashire  sec- 
tion of  the  British  Assocation  of  Managers 
of  Textile  Works,  Mr.  F.  W.  Parks,  of  Fitch- 
burg,  Mass.,  in  a  paper  on  the  development 
of  pneumatic  service  for  textile  mills,  de- 
scribed the  wide  use  that  was  being  made  in 
the  United  States  cotton  mills  of  compressed 
air  cleaning  plant.  By  the  aid  of  a  pneumatic 
service,  he  staid,  there  was  an  enormous  sav- 
ing of  time  and  money,  while  the  cleaning  of 
the  mill  machinery  was  more  efficiently  done. 
He  predicted  that  in  a  few  3^ears  a  pneumatic 
service  would  be  installed  in  all  our  textile 
mills  if  pace  was  to  be  kept  with  the  onward 
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march  of  modern  improvement.  In  the  course 
of  a  brief  discussion  the  view  was  expressed 
that  in  England,  at  all  events,  vacuum  suction 
would  be  a  more  effective  agent  in  the  clean- 
ing of  mill  machinery  than  compressed  air, 
which  drove  dust  and  lint  merely  from  one 
place  to  another.  It  was  agreed  that  in  some 
departments  of  work  compressed  air  would 
be  valuable. 


An    international    machinery    and    engineer- 
ing exhibition  will  be  held  at  Olympia,  Lon- 


don, from  October  4  to  26,  1912,  inclusive. 
This  exhibition  is  organized  by  the  Machine, 
Tool  and  Engineering  Association,  Ltd.,  and 
the  exhibition  offices  are  at  104  High  Hol- 
born,  London,  W.  C.  The  projectors  of  the 
exhibition  state  that  it  is  their  purpose  to  se- 
cure, if  possible,  so  comprehensive  a  display 
that  it  will  be  really  representative  of  the  en- 
gineering trades  throughout  the  world. 
Copies  of  the  prespectus,  etc.,  will  be  furnished 
to  those  addressing  the  Bureau  of  Manufac- 
tures, Washington,  D.   C 
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LATEST  U.  S.  PATENTS 

Full  speciUcations  and  drawings  of  any  pat- 
ent may  he  obtained  by  sending  five  cents  (not 
stamps)  to  the  Commissioner  of  Patents, 
Washington,  D.  C. 

OCTOBER   3. 

1,004,573.       CRUDE-OIL.    BURNER.       William 

B.  Johnston,  Clinton,  Okla. 
1,004,629.      APPARATUS   FOR   CONTROLLING 

THE  FLOW  OF  LIQUIDS  OR  GASES.     Sam- 
uel Cook,  Wilmerding,  Pa. 
1,004,664.       CONDENSER.       Maurice    Leblanc, 

Paris,   France. 

4.  The  combination  with  a  centrifugal  device 
adapted  t^  separate  air  from  water  and  to  dis- 
charge the  water,  of  a  condensing  chamber  con- 
nected to  the  inlet  of  said  device  and  construct- 
ed so  that  air  passing  therethrough  is  compress- 
ed, and  an  air  pump  connected  to  said  device  so 
as  to  remove  the  air  therefrom. 
1,004,840.      VACUUM-CLEANER.      William    J. 

ACKLET,  Batavia,  N.  Y. 
1,004,849.  TONSORIAL  APPARATUS.  William 

J.  Citron,  San  Francisco,  Cal. 


1.  A  tonsorial  apparatus,  comprising  a  tank 
adapted  to  contain  fluid  under  pressure,  a  mas- 
saging implement,  tubular  connection  between 
the  tank  and  implement,  said  connections  includ- 
ing a  tube  bent  into  coils  to  form  a  tortuous 
passage  for  the  fluid,  valves  controlling  the  flow 
of  fluid  through  the  coils,  and  means  for  heating 
the    coils    during    the    passage    of    fluid    there- 


through. 
1,004,874. 

TOOL. 

Pa. 

1,004,906. 


POWER-OPERATED   PERCUSSIVE 
Charles   H.    Haeseler,    Philadelphia, 


AIR-PUMP.  John  Robertson,  Cin- 
cinnati, Ohio. 

1,004,917.  VENTILATING  APPARATUS  FOR 
CLOSET-FIXTURES.  Charles  E.  Shadall, 
Milwaukee,  Wis. 

1,004,929.  APPARATUS  FOR  THE  MANU- 
FACTURE OF  STEEL.  Gut  James  Stock, 
Darlington.   England. 

1,004,989.  LUBRICATOR  FOR  AIR-PUMPS. 
Martin  Carle  and  William  E.  Kraft,  Clif- 
ton Forge,  Va. 

1,005.005.  VACUUM-CLEANER.  Charles  A. 
Dillon,  Canton.  Ohio. 

1,005.0.S6.  METHOD       OF       DISINFECTING 

BOOKS.     Thomas  H.   Hood,   Greenville;   Miss. 

1,005.087.  VACUUM-INSULATED  BOTTLE. 
Garry  P.  Van  Wye,  New  York,  N.  Y. 

1,005,093.  AUTOMATIC  CONTROLLING 
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MEANS  FOR  WASHINCJ-MACIIINIOS.    (IicoucK 


Wil.S(»N,    Hostoii,    Muss. 
1,001"). UyS.         I'XKUMA  TIC 
PARvVTUS.  IMiiLlPJ'K 

Brussi'Is,   BelKlum. 


CONVKYINa      AP- 

\'AN  HKUKN'DONCK. 


OCTOBER   10. 

i.oor..i96.    MiNio  sAi-M-rrv  .\rr.\u.\'riTs.    Ma- 

Ti'KKM  CiOM>,  I  laywaiii.  OUIa.,  and  Wii.ma.m 
.XiJi'iirit  Ah).\Ti;i).Mi:iiY,  SdIuho,  N.  M«'X. 
1.  'riu'  combination  of  ;i  inliu".  a  systi'Ui  of 
pipes  tlur<  III  pro\  iiiiHl  wltli  a  sfiU-s  of  valvrd 
taps,  nit  aj>s  for  fon-in.ur  air  tluouKli  s:»i»l  pip«'s. 
nnil  a  lit  lin  (  provided  with  an  air  vent  and 
with  a  phiia'.itv  of  Ih-xihle  air  Inlet  plpt's  havlniLC 
(•ou|ilinKS    ctmn   efihle    with    said    taps. 

1. ()<»:.. jtti.     pNioiMATic  (msnioN   for  ve- 

I  lU'l,!']"-:.       ('Ai.K'i     Stevens     Gukney,     Ports- 
luouth.  N.  H. 


hiKli-pii  ssnre  exhaust  open  to  tho  low-pn'ssure 
eyllndei-  for  a  vaiiahie  paiL  of  tht;  cycle  to 
seaxtriKt'  and  chaise  the  iilKii-presHurt;  cyllnd«T, 
anti  means  for  admltthiK  fui-l  to  the  latter  dur- 
iiiK  a  period  iiiNersely  related  to  tho  duration  of 
exhansl   opeiiiiiK. 

i.(M»r.,riir..    vacuum-pumi'.    iikn'uy  b.  coolet. 

New   Hritaln.  Conn. 
1.0(1.-,. .-,4  I.       !0,\'(  '.INIO-STA  K  riN< :     A  1'1'ARATUS. 
IOi)\\Ai{i>   A.    llAi.Mi.ian,    itochesler,   N.    Y. 

i.(M»r..t;s(i.     isXi'Losiox  dvcle  and  motor 

OF     ATMOSnilOKlC     TYPE.        JULES     AlfueD 

Hamin.    \'ersallies,    l-'i-ance. 

1.  .\n  Internal  combustion  ejij?ine,  comprising 
in  combination,  an  exj)losion  c.yllnder  having  a 
piston,  a  pnmp  cylinder  also  having  a  piston, 
said  pistons  behiK  coiH)l<'d  tofjrether.  an  air-tank 
containing  air  imder  pressni-e.  and  h;ivlnf?  ar» 
open  commnnica  t  ion  witli  said  explosion  cylln- 
di  r   ill    front  of  the   pislon    thei-i'in,   ;i    ciiarK<'  colI» 
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1,005,::  11'.       AIR-COMPRESSOR.       Stirling     B. 
Hill.   Climie  E.   Hill,  and  William  R.   Hill, 
Seattle,    Wash. 
1,005,290.         COMPRESSED    -    AIR      CARPET- 
CLEANER.      Edwin    E.    Overholt,    Washing- 
ton,  D.   C. 
1,005.314.        TRIPLE      VALVE      FOR      FLUID- 
PRESSUE     BRAKES.       John    W.     Robinson, 
Yoakum,    and    Frank    L.    Douglas,    Rockport, 
Tex. 
1,005,349.      VACUUM-PACKAGE    APPARATUS. 
Gray   Staunton,   Evanston,   111. 
1.      The  combination   with   a    receptacle  having 
a    single    opening,    and    an    imperforate    closure 
therefor,    of    an    exhaust    pump,    and    a    valveless 
cap  terminal  secured  to  said  pump,  inclosing  the 
receptacle  closure  and  adapted  to  make  air  tight 
contact   with   the   receptacle  beyond  said   closure. 
1,005.469.    STAGE-COMPRESSION    INTERNAL- 
COMBUSTION    ENGINE.      Sidney    A.    Reeve, 
Worcester.   Mass. 

1.  The  combination  of  a  two-stroke  cycle  ex- 
plosion motor  having  serially-related  high-pres- 
sure explosion  and  low-pressure  expansion  cylin- 
ders and  their  pistons,  external  means  for 
charging  said  high-pressure  cylinder  with  air 
and  fuel  under  pressure,   means  for  holding  the 


means  openly  connecting  said  coil  and  said  air- 
tank,  a  conduit  connecting  said  pump  cylinder 
and  said  coil,  a  valve  connection  between  said 
coil  and  said  explosion  cylinder  behind  said  pis- 
ton therein,  and  a  valved  outlet  from  said  ex- 
plosion cylinder. 
1,005.690.     AUTOMOBILE   TIRE-PUMP.    FRANK 

E.  Carlson.  Chicago,  111. 
1,005.726.      TRAIN    ExMERGENCY-STOP.     WlN- 

FiELD   L.    Matchett.    Harrisburg,    Pa. 

OCTOBER  17. 

1,005,816.  PORTABLE  BREATHING  APPAR- 
ATUS. Alexander  Bernhard  Drager,  Lubeck^ 
Germany. 

1,005.87  8.       EXPANSION-ENGINE. 
Reynolds,    Mansfield    Depot,    Conn. 

1,005,911.         HY'DRAULIC-POWER 
PRESSOR.      Francis    P.    Wilbur, 
Wis. 

1.005,923.  VALVE-GEAR  FOR  FLUID-PRES- 
SURE ENGINES.  Henry  W.  Aylward,  Nevr 
York,    N.    Y. 

1.005.940.  AIR-COMPRESSOR.  Charles  Je- 
rome CosTELLO  and  Stephen  Guion  Skinner,, 
Chicago,  111. 


George   H- 

AIR-COM- 
Milwaukee^ 
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1,006,034.         BLOW-TORCH.        Jacob      Weintz, 

Cleveland,   Ohio. 
1,006,063.       DEVICE    FOR    CRANKING    AUTO- 
MOBILES.    John  S.  Clarke,  East  Cleveland, 
Ohio. 

1.  In  a  road  machine  having  an  engine  shaft, 
a  rotary  device  adapted  to  be  operatively  con- 
nected with  one  end  of  said  shaft,  an  air  storage 
tank  and  a  plurality  of  air  passages  open  from 
said  tank  into  said  rotary  device,  valves  controll- 
ing the  passage  of  air  in  said  passages  respec- 
tively, a  hand  lever  and  mechanism  therefrom 
adapted  to  open  and  close  said  valves  and  an 
air  passage  between  said  passages  leading  to  the 
connection  between  the  said  rotary  device  and 
said  shaft  and  a  piston  in  said  latter  passage 
adapted  to  close  said  connection  with  the  shaft. 

1,006,100.  DIFFERENTIAL-PRESSURE  GAGE. 
Walter  George  Kent  and  John  Lawrence 
Hodgson,  London,   England. 


an"d  vertically  movable  therein  ;  a  socket  adapted 
to  hold  a  plug  for  the  can  and  loo.sely  supported 
on  the  end  of  the  rod  and  axially  movable  there- 
on ;  a  spring  connecting  said  rod  and  said  socket 
to  keep  the  socket  near  the  end  of  the  rod  ;  and 
a  toothed  rack  and  wheel  adapted  to  be  oper- 
ated from  outside  of  said  chamber  and  engaging 
said  rod  to  move  it  vertically  whereby  the  socket 
is  moved  to  carry  the  plug  to  the  can  and 
whereby  the  rod  continues  its  motion  and  frees 
the  plug  from  the  socket. 

OCTOBER   24. 
1,006,497-8-9.     AUTOMATIC   AIR-BRAKE.   Wil- 
liam A.    Pendry,    Detroit,   Mich. 
1,006, .540.       INTERNAL-COMBUSTION     PUMP- 
ING-ENGINE.       Charles     Emmons,     Everett, 
Wash. 
1,006.577.    -AIR   PURI'  I3R,    MOISTENER.    AND 
.  'HEATER.       WrLLlAM     F.    McGuire,    Rockford, 
111. 
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1,006,249.      PNEUMATIC   SEPARATOR.   ERNEST 

D.  Maxwell,   Clifton  Forge,  Va. 
1,006,272.         POWER      APPARATUS.         JOSEPH 

Preatka,  San  Francisco,  Cal. 

1.  In  a  power  plant,  the  combination  of  a 
fluid  pressure  reciprocating  engine,  a  drive  shaft 
rotatable  thereby,  a  piston  reciprocated  through 
said  drive  shaft,  means  by  which  the  exhaust 
fluids  from  said  engine  will  be  compressed  in  a 
tank,  means  by  which  hot  products  of  combus- 
tion mingled  with  air  will  be  delivered  by  said 
piston  under  pressures  into  said  tank,  and  heat- 
ing means  for  expanding  the  fluids  in  said  tank, 
the  compressed  fluids  in  said  tank  forming  a  re- 
serve pressure. 
1,006,339.         ROCK-DRILL.        Thomas      Edgar 

Adams,  Cleveland,  Ohio. 
1,006,371.        CANNING     APPARATUS.        James 

Dunn,    Tacoma,    Wash. 

A  canning  apparatus  comprising  an  air  pump 
adapted  to  exhaust  air  from  a  can  ;  a  chamber 
connected    thereto ;    a    rod    within    said    chamber 


Arthur 


1,006,640.       INSULATED     AIR-PIPE. 
Faget,   San  Francisco,   Cal, 

1,006,809.  CARBURETER  FOR  INTERNAL- 
COMBUSTION  ENGINES.  Julius  M.  Ulrich 
and   William   Rahr,   Jr.,   Manitowoc,   Wis. 

1,006,822.  APPARATUS  FOR  EJECTING 
FLUID  MATTER.  Hubert  Beddoes,  Phila- 
delphia,  Pa. 

1,006,883.  ENGINE  FOR  PORTABLE  PNEU- 
MATIC REVERSIBLE  DRILLING  -  MA- 
CHINES. Charles  Schofield,  Newcastle- 
upon-Tyne,    England. 

1,006,912.  COMPRESSED-AIR  SYSTEM.  Wil- 
liam S.  Cook,  Atlantic  City,  Wyo.^ 

1,006,921.  PNEUMATIC  OR  VACUUM  CLEAN- 
ER.     Thomas    B.    Downey.    Sprlngtown,    Ark. 

1,006,980.  FLUID-PRESSURE  ENGINE,  PUMP, 
EXHAUSTER,  OR  COMPRESSOR.  William 
Reavell  and  Edwin  Walter  Jones,  Ipswich, 
England. 
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1,006.91>1'.  PROCESS  FOR  STERILIZING  MILK 
AND  MILK  PRODUCTS.  Emil  Wiener, 
\'ienna.    Austria- Hungary. 

1.  Tlio  process  for  sterilizing  milk  and  cream 
by  ozone,  which  consists  in  exposing  the  liquid 
to  the  ozonized  air  in  an  atomized  form  and  then 
subjecting  the  same  to  an  aerating  process  and 
removing  the  ozonizing  taste  and  simultaneously 
preventing  any  particles  of  the  ozonized  air 
from   remaining  in   the  liquid. 

OCTOBER  31. 

1.007,046.     PROCESS  OF  PRESERVING  MILK. 

Jose   ]\L   Aguayo,   Artamisa,   Cuba. 

The  process  of  preserving  milk  consisting  in 
excluding  the  same  from  the  atmosphere,  sub- 
jecting the  milk,  while  so  excluded,  to  the  action 
of  oxygen  gas  at  a  pressure  of  from  five  to  six 
atmospheres,  maintaining  the  milk  under  the 
action  of  the  oxygen  gas  at  such  pressure  for  a 
suitable  period  of  time,  then  reducing  the  gas 
pressure,   and  thereafter  continuously  subjecting 


the  milk  to  the  action  of  the  oxygen  gas  under 

the    reduced   pressure. 

1.007,095.  HYDRAULIC  AIR-COMPRESSOR. 
Alfred  O.  Girard,   Milwaukee,  Wis. 

1,007,105.  AIR-BRAKE.  NORMAN  A.  HiLL, 
Baltimore,   Md. 

1,007,145.  ESCAPE  DEVICE  FOR  SUBMARINE 
BOATS.     John   Schnitter,   Baltimore,  Md. 

1,007,249.  ELASTIC-FLUID  TURBINE.  Wil- 
liam E.  Snow,  Hyde  Park,  Mass. 

1,007,252.  MANUFACTURE  OF  GLASS  ARTI- 
CLES.    Charles   C.    Stutz,   Norwood,   Ohio. 

1,007,295.  PNEUMATIC  HAMMER.  Victor 
Edward  Lane,  Berwick,  Pa. 

1,007,381-2.  APPARATUS  FOR  DESICCATING 
AND  COLLECTING  SOLIDS  FROM  FLUID 
SUBSTANCES.  William  S.  Osborne,  New 
York,    N.   Y. 

1,007,451.  FLUID-PRESSURE  REGULATOR. 
T\^illard  a.  Kitts,  Jr.,  Oswego,  N.  Y. 

1,007,599.  METHOD  OF  DESICCATING  LIQUID 
SUBSTANCES,  William  Silas  Osborne,  New 
York,  N.  Y. 


1,007,249 


m^ 


i.oo7;3ai       I 


.007,095 
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